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The a i m  o f  t h i s  p a p e r  i s  t o  p r e s e n t  a c r i t i c a l  s u r v e y  
o f  t h e  s u b j e c t . T h i s  p a r t i c u l a r l y  a p p l i e s  t o  t h e  r e c e n t  
w o r k  t h a t  h a s  b e e n  done  on  i t . I t  i s  i n t e n d e d  t o  a n a l y s e  
t h e  c l i n i c a l  and e x p e r i m e n t a l  o b s e r v a t i o n s  and o p i n i o n s
o f  those who have worked in  t h i s  f i e l d , t o  determine
t h e  c a u s a l  c o n n e c t i o n s  o f  t h e  v a r i o u s  f a c t o r s , a n d  t o  
e n d e a v o u r  t o  r e a c h  some g e n e r a l  c o n c l u s i o n  a s  t o  t h e  
e t i o l o g y  o f  t h e  c o n d i t i o n .
Ivly own clinical e x p e r i e n c e  o f  t h e  c o n d i t i o n  i s  i n c u r -  
p o r a t e d  i n  t h e  t e x t  o f  t h e  T h e s i s .  I t  r e l a t e s  p a r t i  ¿ i l l  jr- 
l y  to  t h e  c l i n i c 11!  s i g n s , a n d  t o  t r e a t m e n t .
O n e ' s  v e n e r a  1 i m p r e s s i o n  o f  t h e  v i n e  o f  Gas and  
O xygen  a s  a n  a n a e s t h e t i c  i n  c a s e s  w h e r e  s e v e r e  s h o d :
•.•Mas / r e s e n t  w - s  o b t a i n e d  f r o m  i t s  a d m i n i s t r a t i o n  t o  
s c o r e s  o f  c a s e s  i t  N o , 4 7  C , 0 , 3 * , B e l  i u m , i n  O c t o b e r  
and N o v e m b e r , 1 9 1 7 , w h i l e  a c t i n g  >. s a n a e s t h e t i s t  t o  t 
s u r g i c a l  t e a m  t h e r e .
Out o f  i n n u m e r a b l e  c a s e s  o f  , /ound ¿ h o c k , o b s e r v e d  by 
me d u r i n g  t h e  G r e a t  b a r  i n  F r a n c e  and B e l g i u m , a  f e w  
i l l u s t r a t i v e  cn s e s  a r e  s e l e c t e d  and r e c o r d e d  i n  
A p p e n d i x  A .
A s h o r t  s e r i s s  o f  g r a p h i c  t r a c i n g s  made f r o m  r e a d i n g s  
t a k e n  d u r i n g  o p e r a t i o n s  o f  b l o o d  p r e s s u r e , s y s t o l i c  and  
d i a s t o l i c  . p u l s e  '£'■ t e . a n d  r e s  " i  r a t i  on r a t e  a p p e a r s  i n  
A p p e n d i x  B . T h e s e  v. e r e  t a k e n  a t  t h e  D a v i d  L e w i s  N o r t h e r n  
H o s p i t a l . L i v e r p o o l , on t h e  o p e r a t i o n  c a s e s  o f  M r .  
M o n s a r r a t  ,Lir.  ¿ im p  s o n ,  end : I r .  R a w l i n s  o n .
SECT I Oil II. DEFUTITIOIT.
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I t  i s  i m p o s s i b l e  i n  t h e  p r e s e n t  s t a t e  o f  our  
k n o w l e d g e  t o  f r a m e  a  d e f i n i t i o n  o f  T r a u m a t i c  S h o c k ,  
s i n c e  t h e  f u n d a m e n t a l  c a u s e  o f  t h i s  c o n d i t i o n  i s  
u n k n o w n .O n e  can , t h e r e f o r e  , o n l y  g i v e  a  b r i e f  w o r d -  
d e s c r i p t i o n  o f  w h a t  i s  m e a n t  b y  i t .
T r a u m a t i c  S h o c k  i s  an a c u t e  c o n d i t i o n  o f  d o u b t f u l  
n a t u r e  due t o  i n  j u r y , c h a r  c t e r i s e d  by g e n e r a l  d e p r e s s i o n  
o f  v i t a l i t y , p a r t i c u l a r l y  o f  t h e  n e r v o u s  s y s t e m  and  
c i r c u l a t i o n , and o f t e n  p r o g r e s s i n g  r a p i d l y  t o  a  f a t a l  
t e r m i n a t i o n .
Among: t h e  p r o m i n e n t  f e a t u r e s  a r e  m e n t a l  a p a t h y ,  
d i m i n u t i o n  o f  m u s c l e  p o w e r . c u t a n e o u s  s e n s a t i o n , and  
r e f l e x e s ; c i r c u l a t o r y  f a i l u r e , a s s o c i a t e d  w i t h  c y a n o t i c  
p a l l o r  . p r o g r e s s i v e  f a l l  o f  b l o o d  - p r e s s u r e  , s l o w i n g 1 o f  
t h e  b l o o d  s t r e a m  i n  the  d i l a t e d  c a p i l l a r i e s , and l o s s  
o f  b l o o d  v o lu m e  in a c t i v e  c i r c u l a t i o n ; c h a n g e  in  t h e  
r e a c t i o n  o f  t h e  b l o o d ; r a p i d  o r  s l o w , s h a l l o w , i r r e g u l a r  
j g a s u i n g  r e s p i r a t i o n ; f a l l  o f  b o d y  t e m p e r a t u r e .
T r a u m a t i c  S h o c k  i s  t a k e n  t o  i n c l u d e  t h e  g e n e r a l  
d e p r e s s i v e  s t a t e s  t h a t  f o l l o w  t r a u m a  o f  a n y  s o r t . B o t h  
c l i n i c a l  and e x u e r i i n e n t a l  t r a u m a t i c  s h o c k  may o c c u r  
i n  two main t y p e s , v i e . ( 1 )  I m m e d i a t e  ( 2 ) D e l a y e d . ( s e e  
C l i n i c a l  S i g n s ) .
O f  c l i n i c a l  t r a u m  t i c  s h o c k , t h e r e  a r e  s e v e r a l  
v a r i e t i e s , i n  a l l  o f  w h i c h  t r a u m a  i s  t h e  common f a c t o r .
( 1 ) . S e v e r e  a c c i d e n t a l  i n j u r i e s  f o r m  a  g r o u p  c o m p r i s i n g
t h e  e m e r g e n c y  c a s e s  o f t e n  a d m i t t e d  t o  h o s p i t a l s . ( 2 ) .
The v a r i e t y  due t o  G u n s h o t  Vv'ounds in t h e  G r e a t  War  
was c a l l e d  Wound S h o o k , a s  s u s p - e s t e d  b y  C o w e l l ( 2 2 4 , 3 4 0 ) .  
C a n n o n (  2 2 5 , 3 4 1  ) s i i g g e s t e d  t h e  t e r m  " e x a e m i a "  t o  d e n o t e  
t h e  l o s s  o f  a c t i v e l y  c i r c u l a t i n g  b l o o d , w h i c h  was s u c h  
a s t r i k i n g  f e a t u r e . y u e n u ( 4 1 4 ) s u s e - e s t e d  t h e  t e rm  
" h y p o t e n s i v e  s y n d r o m e "  o r  " t r a u m a t i c  t e x a e m i a " . ( 3 ) . The 
s p e c i a l  v a r i e t  j due t o  s u r g i c a l  o p e r a t i o n s  i s  t e r m e d  - 
" O p e r a t i v e  S h o c k "  o r  " S u r e i c a l  S h o c k " . H e  re  t h e  e f f e c t s  
o f  e - e n e r a l  a n a e s t h e s i a  a r e  s o m e t i m e s  a d d e d  t o  t h o s e  o f  
t r a u m a .
O t h e r  c o n d i t i o n s  may be p r e s e n t  i n  c o m b i n a t i o n  w i t h  
T r a u m a t i c  S h o c k . T h e  u s e  o f  a  q u a l i f y i n g  a d j e c t i v e  i s  
t h e n  n e c e s s a r y  t o  make t h e  m e a n i n g  more p r e c i s e .  
H a e m o r r h a e - ic  S h o c k  i s  a c o m b i n a t i o n  o f  T r a u m a t i c  S h o c k  
and haemorrhage.I n  T o x i c  S h o c k , i n f e c t i o n  i s  a l s o  p r e s e n t ,  
and s i g n s  o f  t o x a e m i a  a r e  t h e  m ain  f e a t u r e . I n  S e p t i c  
S h o c k , s e p t i c  i n f e c t i o n  i s  a d d e d . I n  C o m p l e x  S h o c k , w h i c h  
F r e n c h  w r i t e r s  in  p a r t i c u l a r i s é e  O u e n u ( 3 9 7 , 4 1 4 ) )  
d i f f e r e n t i a t e d , s e v e r a l  o f  t h e s e  f a c t o r s  w ere  p r e s e n t  
( s e e  a l s o  G u y o t  and J e a n n e n e y ( 5 6 9 ) ) . In  c i v i l  l i f e ,  
T r a u m a t i c  .Shock o f t e n  e x i s t s  in  a  p u r e r  f o r m  t h a n  t h a t  
i n  t h e  G r e a t  W a r ,w h e n  i t  w as  o f t e n  o b s c u r e d  o r  
s i m u l a t e d  b y  t h e s e  o t h e r  a c u t e  c o n d i t i o n s , v i z . h a e m o r r h a g e , 
i n f e c t i o n , e t c . ,
Many o f  t h e  c o n d i t i o n s , h o w e v e r . w h i c h  a r e  o f t e n  
term ed  " s h o c k " , a n d  w h i c h  more o r  l e s s  r e s e m b l e  i t  and  
a r e  p o s s i b l y  p a r t i  y  r e l a t e d  t o  i t , a r e  y e t  d i f f e r e n t .
In  t h e s e  c a s e s , t h e  " s h o e k " m a n i f e s t e d  b y  c l i n i c a l  s i s n s
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f o r m s  a  c o m p l i c a t i o n  o f  a n o t h e r  c o n d i t i o n . T h e s e  k i n d s  
o f  " s h o c k " a r e  e x c l u d e d  f r o m  t h e  s c o n e  o f  t h i s  p a p e r  
and c o m p r i s e  t h e  f o l l o w i n g : C o m m o t i o n a l  S h o c k , C o n c u s s i o n  
C e r e b r a l  and s p i n a l  . A p o p l e c t i c  "  S h o c k 1' E m o t i o n a l  .ITervouJs 
and P s y c h i c  S h o c k , T o x i c  and F o r e i a n  P r o t e i d  " S h o c k " ,  
A n a p h y l a c t i c  " S h o c k " , D r u g  " S h o c k " , e . g . s t r y c h n i n  and  
a d r e n i n ,  " S h o c k "  due t o  s u d d e n  a b d o m i n a l  c a t a s t r o p h e s ,  
e . g . s t r a n g u l a t e d  h e r n i a . p e r f o r a t e d  g a s t r i c  u l c e r , a c u t e  
h a e m o r r h a g i c  p a n c r e a t i t i s , r u p t u r e d  e c t o p i c  p r e g n a n c y ,  
p a r t u r i t i o n , c o r r e s i v e  p o i s o n i n g , ^ t c . Some o b s e r v e r s  
h ave  s u g g e s t e d  t h a t  t h e  m a j o r i t y  o f  t h e s e  c o n d i t i o n s  
a r e  e s s e n t i a l l y  i d e n t i c a l  . O r i l e  ( 5 0 5 ,  5 5 9 )  r e  g: r d e d  them  
a s  f o r m s  o f  e x h a u s t i o n . p a r t i c u l a r l y  o f  t h e  " k i n e t i c  
s y s t e m "  ( s e e  C e n t r a l  ITervous S y s t e m )  . V i d a l  ( 5 3 9 )  and  
o t h e r s  s u g g e s t e d .  t h a t  t h e  p h y s i c a l  p r o c e s s ' " o f  
" c o l l o i d o c l a s i s " w a s  t h e  c a u s e  ( s e e  B l o o d ) .
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I n  t h e  p a s t  some o f  t h e  t h e o r i e s  o f  t r a u m a t i c  s h o c k  
a p p a r e n t l y  e x p l a i n e d  i t  s  p henom ena a c c o r d i n g  t o  t h e  
a c c e p t e d  p h y s i o l o p - y  o f  t h e  t i m e , " b u t  i n  t i m e  a s  
p h y s i o l o g i c a l  k n o w l e d g e  e x p a n d e d , t h e  t h e o r i e s  v e r e  
shown t o  he i n c o r r e c t . T h e  h y p o t h e s i s  o f  v a s o m o t e r  
f a t i e u e  i s  an e x a m p le  o f  t h i s . P r o b a b l y  i n  t h e  f u t u r e ,  
some o f  t h e  p r e s e n t - d a y  e x p l a n a t i o n s  w i l l  be s i m i l a r l y  
fo u n d  t o  r e s t  on i n c o m p l e t e  kn owl edi?e . M o r e o v e r , t h e  
v i e w s  f o r m u l a t e d  t o  e x p l a i n  t r a u m a t i c  s h o c k  o f t e n  
d e p e n d e d  on th e  i n d i v i d u a l  b i a s  o f  t h e  t h e o r i s t . T h e  
b i o c h e m i s t  , e  . e. ,rn de a b i o - c h e m i c a l  t h e o r y ,  t h e  
e n d o c r i n o l o g i s t  suf???ested an i n t e r n a l  s e c r e t i o n , and  
s o  o n .
•^ARIY THEORIES GOHO^I^IITG "  5 YOGK"  .
The c o n d i t i o n  o f  " s h o c k " w a s  p r o b a b l y  f i r s t  d e s c r i b e d  
b y  Le D ra n  i n  1 7 3 7 ( a c c o r d  i n s  t o  Y a l e ( 2 5 ) ) o r  b y  John 
H u n t e r  i n  1 7 8 4  ( a c c o r d i n g  t o  G r i l e ( 1 2 ) ) . w h i l e  James  
l i t t l e  i n  1 7 9 5  was t h e  f i r s t  t o  u s e  t h e  t e r m  " s h o c k "  
f o r  t h e  c o n d i t i o n . H o s t  o f  t h e  e a r l i e s t  o b s e r v e r s  o f  
’’ s h o o k "  , e . g .  W i l l i a m  C l o w e s  i n  1 5 6 8 ,  W i e s e  man i n  1 7 1 9 ,  
G a r e n f ? e o t  i n  1 7 2 3  ( q u o t e d  b y  C r i l e ( l 3 )  ) , a n d  l e  D ran  
in  1 7 3 7  ( q u o t e d  b y  7 a l e ( 2 5 ) ) a s c r i b e d  i t  t o  o r p a n i c  
c o m m o ti o n  o r  c o n c u s s i o n . " S h o c k " w a s  r e c o f m i s e d  a s  a  
c o n d i t i o n  p r o b a b l y  c a u s e d  b y  t h e  p r e s e n c e  o f  some  
| f o r e i g n  b o d y  i n  t h e  w o u n d , o r  in  t h e  b l o o d , o r  a s  due t o  
a d i s t u r b e d  m o l e c u l a r  c o n d i t i o n  i n  t h e  t i s s u e s  ( s e e  
G r i l e ( 1 3 ) a n d  R i s l e y (  1 3 2 ) ) . T h e  n e r v o u s  s y s t e m  i n
ACTION III. PIGTORIGAh SURVHY.
p a r t i c u l a r  was l a t e r  s u p p o s e d  t o  be t h e  m o s t  p r i m a r i l y  
a f f e c t e d  b y  t h e  t r a u m a . T r  v e r s  i n  1 8 2 6  ( q u o t e d  b y  
S a v o r y (  6 6 2 )  , H o l m e s (  6 6 4 )  , a n d  M a n s e l l  M o u l l i n (  2 )  s u a r r e s t e d  
t h a t  r e f l e x  p a r a l y s i s  o f  t h e  h e a r t  was t h e  c a u s e , a s  i t  
was i n  s y n c  o p e . D u p u y t r e n  i n  1 8 3 2 ( q u o t e d  b y  K i s l e  y( 1 3 2 )  
sui?e,e s t e d  l o s s  o f  n e r v o u s  f l u i d  o r  e n e r g y . D e l c a s s e  in  
1 8 3 4 (  s e e  G r i l e  ( . 1 3 ) and R i s l e y (  132^8U£r°-e s t e d  " i n h i b i t i o n ” . 
Trauma t r a n s m i t t e d  i t s  e f f e c t s  c h i e f l y  t h r o u g h  t h e  
b o n e s , a n d  t h u s  s e p a r a t e d  t h e  l i v i n g ?  m o l e c u l e s  f r o m  
e a c h  o t h e r . e s p e c i a l l y  i n  t h e  b r a i n , s p i n a l  c o r d , a n d  l i v e r .  
B r o w n - S e q u a r d  in  1 8 5 6  ( s e e  M a n s e l l  M o u l l i n ( 2 ) a n d  
R i s l e y (  1 3 2 ) ) s u ? g e s t e d  c ° r e b r a l  and s p i n a l  a n a e m i a  due  
t o  p e r s i s t e n t  r e f l e x  c o n t r a c t i o n  o f  t h e  c a p i l l a r i e s  
o f  t h e  p i a  m a t e r . E i s e r n a n n (  s e e  G r i l e  ( 1 3 ) ) l a t e r  a l s o  
susrffested t h a t  t h e  i n j u r y  c a u s e d  a  c o n t r a c t i o n  o f  t h e  
c e r e b r a l  b l o o d - v e s s e l s , a n d  t h u s  a n a e m i a , j u s t  a s  i n  
s y n c o p e . H y p e r a e m i a  he s u p p o s e d  f o l l o w e d  t h e  a n a e m i a .  
E o u r n e a u x  J o rd a n  in  1 8 6 4  ( s e e  G r i l e ( 1 3 ) ) and R i s l e y  
( 1 3 2 ) ) l o o k e d  on s h o c k  a s  a v i t a l " d e p r e s s i o n " . c h i e f l y  
o f  t h e  h e a r t , w h i l e  E r i c h s e n  in  1 8 6 4  a l s o ( s e e  G r i l e ( 1 3 ) )  
t h o u g h t  i t  due t o  a  s h a r p  v i b r a t i o n  t h a t  was t r a n s m i t t e d  
t h r o u g h  e v e r y t h i n f f , p r o b a b l y  t h u s  c a u s i n g ?  a m o l e c u l a r  
l e s i o n . S a v o r y  ( 6 6 2 ) ( s e e  a l s o  M a n s e l l  M o u l ] i n ( 2 ) and  
R i s l e y (  1 3 2 ) ) i n  1 8 7 0  sue?° -ested  a  n e r v o u s  r e f l e x  
p a r a l y s i s  o f  t h e  h e a r t , a n d  p o i n t e d  t o  a p p a r e n t l y  
a n a l o g o u s  i n s t a n c e s , s u c h  a s  d e a f n e s s  r e s u l t i n g ?  f r o m  
s u d d e n  f r i g h t . G r o s s ( 6 6 3 ) ( s e e  a l s o  C r i l e ( 1 3 ) )  i n  1 8 7 2  
c o n s i d e r e d  i t  due t o " v i t a l  d e p r e s s i o n " d u e  t o  " l o s s  o f  
i n n e r v a t i o n " .
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TEE THEORY OF VASOMOTOR FATIGUE.
Among the early observers to suggest this theory
£
w ere  K e e n , M i t c h e l l , a n a  M o r e h o u s e , who p r a t i s e d  as 
s u r g e o n s  d u r in g "  t h e  A m e r i c a n  C i v i l  War a b o u t  1 8 6 4 ( s e e  
Agnew( 6 6 5 ) C r i l e ( l 3 )  , V a l e  ('¿15) , R i s l e y (  1 3 2 ) and ^ r a s e r  
( 4 7 4 ) ) . A l l  t h e s e  t h e o r i e s , h o w e v e r , w ere  mere  s u g - g e s t i o n s , 
more o r  le3s v a g u e , a n d  u n s u p p o r t e d  by e x p e r i m e n t a l  
e v i d e n c e .
In  1 8 7 3  G o l t z ( s e e  M a n s e l l  M o u l l i n i 3 ) a n d  E o v e l l ( 6 1 8 ) )  
p e r f o r m e d  h i s  f a m o u s  e x p e r i m e n t  o f  t a p p i n g  t h e  abdomen  
o f  a f r o g  v e r t i c a l l y  s u s p e n d e d . S ta n d  s t i l l  o f  t h e  h e a r t  
t o o k  p l a c e , t h u s  d e m o n s t r a t i n g :  t h e  c a r d i o - i n h i b i t o r y  
n e r v e s , a n d  s p l a n c h n i c  d i l a t a t i o n  i n d i c a t e d  t h e  
p o s s i b i l i t y  o f  r e f l e x  v a s o m o t o r  p a r a l y s i s . E i s h e r ( s e e  
M a n s e l l  M o u l l i n i 3 ) a n d  M e l t z e r ( 5 5 ) a b o u t  t h i s  t im e  
s u g g e s t e d  t h a t  t h i s  and o t h e r  e x p e r i m e n t s  seemed t o  
show t h a t  r e f l e x  s p l a n c h n i c  p a r a l y s i s  w i t h  c o r r e s p o n d ­
ing" a n a e m i a  o f  o t h e r  p a r t s  o c c u r r e d  i n  t r a u m a t i c  s h o c k  
M a n s e l l  M o u l l i n i 3 ) . h o w e v e r . p o i n t e d  o u t  t h a t  Y . M .  
p a r a l y s i s  i t s e l f , d u e  e . g . t o  s p i n a l  i n j u r y  o r  s e c t i o n  
was n o t  a l w a y s  f o l l o w e d  b y  d e a t h . H e  s u g g e s t e d  t h a t  a 
g e n e r a l i s e d  r e f l e x  p a r a l y s i s  o r  i n h i b i t i o n  was t h e  
c a u s e  o f  "  s h o o k " .  Or ©en i n  g e n i  s e e  C r i l e ( l 3 ) a n d  M e l t z e r  
( 5 5 ) ) s u g g e s t e d  i n  1 8 8 5  t h a t  e x h a u s t i o n  o f  a l l  t h e  
n e r v e - c e n t r e s  f r o m  o v e r - s t i m u l a t i o n  w as  t h e  c a u s e  o f  
" s h o o k " .
In  1 8 9 9  C r i l e  ( 1 7  , 1 5 1 )  grave t h e  r e s u l t s  o f  e x p e r i m e n t  
d- t i n g  b a c k  t o  1 8 9 5 . From t h e s e  he e l a b o r a t e d  t h e  t h e o r y
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o f  v a s o m o t o r  f a t i g u e . T h e  p r e s s o r  r e f l e x e s  w h i c h  
r e s u l t e d  f r o m  a f f e r e n t  n e r v e  s t i m u l a t i o n  due t o  t h e  
t r a u m a , h e  s u p n o s e d , c h a n g e d  l a t e r , a s  t h e  t r a u m a  was  
c o n t i n u e d  , in  t o  d e p r e s s o r  r e s p o n s e s , g i v i n g  a f a l l  o f  
B . P . . T h i s  he s u p p o s e d  w a s  p r o d u c e d  b y  f a t i g u e  o f  t h e  
v a s o c o n s t r i c t o r  c e n t r e , I n  t h i s  c o u n t r y  L o c k h a r t  
Mummeryf 3 0 , 3 1 , 3 2 )  was t h è  c h i e f  e x p o n e n t .
OTHER P R E - ’ AR THP!OH IH 3 .
In 1 9 0 4  K i n n e m a n n f 2 7 ) s u g g e s t e d  a  d i s t u r b a n c e  o f  the  
t h e r m o g e n i c  f u n c t i o n  a s  t h e  m o s t  p r i m a r y  c h a n g e .  
J a b o u l a y i  2 8  ) s u g g e s t e d  i r r e d u c i b l e  h a e m o g l o b i n , a n d  Y a l e  
( 2 5 ) o l i g a e m i a . I n  1 9 0 6  H e l t z e r i  3 6 , 5 5  ) s u g g e  s t e d  t h a t  i t  
was n o t  e x c e s s i v e  e x c i t a t i o n  b u t  r e f l e x  i n h i b i t i o n ,  
f i r s t  o f  t h e  f u n c t i o n s  o f  t h e  s p i n a l  c o r d , l a t e r  o f  t h e  
c e n t r e s  i n  t h e  m e d u l l a .
The h e a r t  a g a i n  came t o  be r e g a r d e d  as t h e  p r i m a r y  
f a c t o r  b y  B lu m  and B o i s e . B l u m ( s e e  C r i l e ( 1 2 ) ) s u g g e s t e d  
r e f l e x  i r r i t a t i o n  o f  th e  v a g u s , g i v i n g  a r r e s t  o f  t h e  
h e a r t  b e a t . B o i s e ( 4 8 , 5 6 ) i n  1 9 0 7  s u g g e s t e d  t h a t  h y p e r -  
i r r i t a t i o n  o f  t h e  e n t i r e  s y m p a t h e t i c  n e r v o u s  s y s t e m  
s t i m u l a t e d  t h e  YA SOHO TOR ITE RYES, and g a v e  c o n t r a c t i o n  
o f  t h e  a r t e r i o l e s  and s p a s m o d i c  h e a r t  a c t i o n .
The A c a p n i a  T h e o r y  w as  a d v a n c e d  b y  Y a n d e l l  H e n d e r s o n  
( 5 0 , 6 8 , 9 3 , 9 5 , 9 6 , 1 2 4 ) i n  1 9 0 8 . D i m i n u t i o n  o f  CARBON 
DIOXID E i n  t h e  b l o o d  and t i s s u e s ( a c a p n i a ) , d u e  t o  r a p i d  
d e e p  r e s p i r a t i o n  r e f l e x l y  e x c i t e d  b y  p a i n f u l  s t i m  u l i  
c a u s e d  t h e  s i g n s  o f  t r a u m a t i c  s h o c k .
E x h a u s t i o n  o f  t h e  a d r e n a l  g l a n d s  was s u g g e s t e d  b y  
v a r i o u s  o b s e r v e r s , i n c l u d i n g  B a i n b r i d g e  a n d  P a r k i n s o n
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THE GREAT YAH.
T h e s e  t h e o r i e s  p a v e  p l a c e  f r o m  1 9 1 5  o n w a r d s  t o  new  
c o n c e p t i o n s  in  w h i c h  b l o o d - t o x a e m i a  t o o k  a  p r i m a r y  
p l a c e . I n  t h e  c a s e  o f  D e l a y e d  Wound ¡S h o c k ,n u m e ro u s  
B r i t i s h - A m e r i c a n  and F r e n c h  o b s e r v e r s  r e a c h e d  t h i s  
common p e n e r a l  a g r e e m e n t .
The " e x a e m i a "  t h e o r y  e l a b o r a t e d  b y  Cannon ( 2 2 5 , 5 6 7 )  
i n  p a r t i c u l a r . b e c a m e  t h e  m o s t  p e n e r a l l y  a c c e p t e d  f o r  
t h e  c a s e  o f  D e l a y e d  S h o c k , T o x i n s  r e s u l t i n p  f r o m  
a u t o l y s i s  o f  t h e  i n j u r e d  t i s s u e s , p a r t i c u l a r l y  m u s c l e  
d e s t r u c t i o n . p a s s e d  i n t o  t h e  c i r c u l a t i o n . T h e i r  e s p e c i a l  
a c t i o n  t o o k  p l a c e  on t h e  c a p i l l a r y  w a l l s  and p r o d u c e d  
c a p i l l a r y  s t a s i s  f o l l o w e d  b y  a  s e r i e s  o f  c i r c u l a t o r y  
c h a n g e s  d e v e l o p i n p  i n t o  c i r c u l a t o r y  f a i l u r e . T h e  h e a r t ,  
t h e  v a s o m o t o r , t h e  a d r e n a l , a n d  p o s s i b l y  t h e  r e s p i r a t o r y  
f a c t o r s  w er e  d e f e n s i v e  m e c h a n i s m s  a t  f i r s t , b u t  i n  t h e  
l a t e r  s t a p e s  f a i l e d  s e c o n d a r i l y ,  1 i k e  t h e  p e n e r a l  
n e r v o u s . n u t r i t i v e , t h e r m o g e n i c  f u n c t i o n s , e t c . , t o  t h e  
f a i l u r e  o f  t h e  c i r c u l a t i o n .
The t h e o r y  o f  c o m p l e t e  y a s o m o t o r  f a t i ° u e  was  
d e f i n i t e l y  e x c l u d e d , b u t  C r i l e ( l 6 0 , 5 0 9 ) s t i l l  b e l i e v e d  
t h a t  f a t i p u e  f r o m  e x c e s s i v e  s t i m u l a t i o n  o f  a l l  t h e  
c e l l s  o f  t h e  b o d y , b u t  p a r t i c u l a r l y  t h o s e  o f  t h e  b r a i n ,  
l i v e r , a n d  a d r e n a l s ( t h e  " k i n e t i c  s y s t e r c ^ w a s  t h e  m o s t  
p r i m a r y  c h a n g e  i n  T r a u m a t i c  S h o c k . H o t t ( 5 3 1 ) a l s o  t h o u g h t  
t h a t  t h i s  f a t i g u e  o f  t h e  C e n t r a l  f e r v o u s  S y s t e m  P l a y e d  
an i m p o r t a n t  p a r t  i n  t h e  p r o d u c t i o n  o f  a l l  k i n d s  o f
s h o c k . I n  t h e  c a s e  o f  D e l a y e d  S h o c k , h o w e v e r , t h e s e  c h a n g e s  
were g e n e r a l l y  l o o k e d  on a s  s e c o n d a r y  t o  t h e  a n o x a e m i a
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(38)in 1907.
due t o  t h e  c i r c u l a t o r y  f a i l u r e .
I n  t h e  c a s e  o f  I m m e d i a t e  S h o c k ,  h o w e v e r  . p r i m a r y  
n e r v e  c h a n g e s  p r o b a b l y  d i d  t a k e  n l a c e , T h e s e  w e r e  
g e n e r a l l y  r e g a r d e d ( s e e  G u t h r i e  ( 2 5 5 )  .M a n n ( 3 4 7  ) ,Hof?er  
( 2 8 5 ) ) a s  o f  t h e  n a t u r e  o f  i n h i b i t i o n  r a t h e r  t h a n  
e x c e s s i v e  s t i m u l a t i o n  r e s u l t i n g -  in  f a t i g u e .
T a t  E m b o l i s m , s u e - n e s t e d  a s  a p r i m a r y  f a c t o r  b y  
3 i s s e l l ( 2 0 8 , 2 7 3 )  i n  1 9 1 6 , and b y  P o r t e r f 2 5 9 , 4 4 6 ) b e c a m e  
d i f f e r e n t i a t e d  .as a  d i s t i n c t  c o n d i t i o n (  s e e  F i b e r s  
( 3 3 6 ) , M o t t ( 5 3 1 ) ) w h i c h  raipht s o m e t i m e s  be p r e s e n t  
a lo n e -  w i t h  t r a u m a t i c  s h o c k .
A c a p n i a  was  s e e n  t o  a p r l y  o n l y  i n  some c a s e s  in  
w h i c h  marked h y p e 'r p n o e a  was p r e s e n t , e . s r .  , t h e  p r o l o n e -e d  
e x c i t e m e n t  s t a v e  o f  e t h e r  a n a e s t h e s i a .
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Trauma i s  t h e  o n l y  i n v a r i a b l e  a n t e c e d e n t  c o n d i t i o n  
t o  T r a u m a t i c  Shock : ,an d  i s  t h e r e f o r e  i t  s i m m e d i a t e  
c a u s e . B u t  s e v e r a l  o t h e r  c o n d i t i o n s  a r e  s o m e t i m e s  
p r e s e n t , i n  a d d i t i o n  t o  t r a u m a , b e f o r e  o r  d u r i n g  t h e  
s t a t e  o f  s h o d : , a n d  in  t h e s e  c a s e s  more t h a n  one f a c t o r  
i s  t h e  c a u s e . I t  i s  t h e n  n e c e s s a r y  t o  d i s t i n g u i s h  a s  
c l e a r l y  a s  p o s s i b l e  t h e i r  e f f e c t s  f r o m  t h o s e  r e s u l t i n g 1 
fro m  t h e  t r a u m a . A g a i n  , t h e s e  v a r i o u s  f a c t o r s , e i t h e r  
s e p a r a t e l y  o r  i n  c o m b i n a t i o n , may c a u s e  a  s h o c k - l i k e  
c o n d i t i o n  i n  t h e  a b s e n c e  o f  t r a u m a . W h e t h e r  t h i s  s h o c k -  
l i k e  c o n d i t i o n  i s  e s s e n t i a l l y  i d e n t i c a l  w i t h  t r a u m a t i c  
s h o c k , a s  C r i l e ( 5 0 5 ) b e l i e v e d . h o l d i n g  t h a t  t h e y  w ere  a l l  
d i f f e r e n t  t y p e s  o f  e x h a u s t i o n , o r  w h e t h e r  t r a u m a t i c  
s h o c k  i s  an e n t i t y  t h a t  e x i s t s  a p a r t  f r o m  t h e s e  
c o n d i t i o n s , a s  C a n n o n ( 5 6 7 ) b e l i e v e d ,  s t i l l  r e m a i n s  t o  be  
p r o v e d .
I n  p a r t i c u l a r , i n  t h e  c a s e  o f  t r a u m a t i c  s h o c k  f r o m  
a c c i d e n t a l  i n j u r i e s  o r  gain s h o t  wound s ( Wound S h o c k ) ,  
t h e  tra u m a  may be a s s o c i a t e d  w i t h  e x p o s u r e  t o  c o l d  and  
w e t  » f a t i g u e . h a e m o r r h a g e , i n f e c t i o n . e x c e s s i v e  e m o t i o n .
In  some c a s e s  t h e  d e g r e e  o f  t r a u m a  may be t o o  s l i g h t  
t o  a c c o u n t  f o r  t h e  c o n d i t i o n  a l o n e . I n  s u r g i c a l  o r  
o p e r a t i v e  s h o c k , a g a i n , in  a d d i t i o n  t o  t h e  t r a u m a  o f  t h e  
o p e r a t i o n , t h e  f a c t o r  o f  g e n e r a l  a n a e s t h e s i a  i s  a l s o  
p r e s e n t . T h i s  k i n d  o f  s h o c k  i s  g e n e r a l l y  r e g a r d e d  a s  
a  v a r i e t y  o f  T r a u m a t i c  S h o c k ( s e e  Q u ^ n u ( 3 9 7 ) ) . G e n e r a l
a n a e s t h e s i a  in  i t s e l f . h o w e v e r , may p r o d u c e  a  s h o c k - l i k e  
d e p r e s s i o n  .T h e  t r a u m a  mo y  he r e l a t i v e l y  s l i p h t  and n o t  
e n o u g h  t o  a c c o u n t  f o r  t h e  c o n d i t i o n .
L M A .
Trauma i s  t h e  one e x c i t i n g  c a u s e  o f  T r a u m a t i c  S h o c k ,  
a s  i t  i s  t h e  o n l y  f a c t o r  t h a t  i s  i n v a r i a b l y  p r e s e n t  
i n  a l l  f o r m s  o f  t h e  c o n d i t i o n .
rphe n a t u r e  v a r i e s .  I t  may he m e c h a n i c a l  , e  . pu c u t  t i n e -, 
p en e  t  r a t  in  e-, b r u i  s i n  p , o r  l a c e r a  t  i n p ; p h y s i c a l , e . g . e x t r e m e  
h e a t  and c o l d ; o r  c h e m i c a l , e . p .  t h e  a c t i o n  o f  c o r r o s i v e  
p o i s o n s .
The de e-re e v a r i e s . T h e  d e p r e e  d e p e n d s  on t h e  n a t u r e ,  
i n t e n s i t y , a n d  d u r a t i o n  o f  t h e  t r a u m a t i c  s p e n t , a n d  on 
the  e x t e n t  o f  t h e  s u r f a c e  a r e a  and d e p t h  o f  t h e  t i s s u e s  
a f  pe c  t e d .
The d e c r e e  o f  t r a u m a t i c  s h o c k  v a r i e s  w i t h  t h e  d e p r e e  
o f  t h e  t r a u m a , o t h e r  c o n d i t i o n s  b e i n g  e q u a l . T r a u m a  a l o n e  
i s  n o t  a l w a y s  f o l l o w e d  by t r a u m a t i c  s h o c k . A  c e r t a i n  
d e p r e e  o f  t r a u m a  i s  n e c e s s a r y . A  s u f f i c i e n t  d e p r e e  o f  
t r a u m a  a l w a y s  p r o d u c e s  t r a u m a t i c  s h o c k  and i s , t h e r e f o r e  
i t ' s  i m m e d i a t e  c a u s e .
A q u a n t i t a t i v e  r e l a t i o n s h i p  a l s o  h o l d s . p r o v i d e d  t h e  
c o n d i t i o n s  a r e  c o n s t a n t . I n  h i s  r e s e a r c h e s  i n  1 8 9 7 ,
G r i l e ( 1 4 , 5 0 6 , 6 5 5 ) f o u n d  t h a t  a p p a r e n t l y ,  i n  e x p e r i m e n t a l  
t r a u m a t i c  s h o o k , t h e  d e p r e e  o f  s h o c k  v a r i e d  w i t h  t h e  
d e p r e e  o f  s e v e r i t y  o f  t h e  t r a u m a , i . e . , t h e  more i n t e n s e  
t h e  t r a u m a , t h e  more r a p i d  and i n t e n s e  t h e  s h o c k , e n d  
t h e  p r e a t e r  the  e x t e n t  o f  t h e  i n , l u r e d  s u r f a c e , t h e  
j  p r e a t e r  t h e  d e g r e e  o f  s h o c k . T h i s  r e l a t i o n s h i p  p r o b a b l y
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a l s o  h e l d  f o r  o p e r a t i v e  s h o o k , a c c o r d  imp* t o  L .M ummery  
( 3 1 )  . H e r e  . a c c o r d i n g  t o  O r i l e , b r u i s i n g  c r u s h i n g  and 
t e a r i n g  p r o d u c e d  more i n t e n s e  s h o c k  th a n  s h a r p  c u t t i n g .  
Some d e c r e e  o f  t r a u m a  was i n e v i t a b l e , b u t  t h e  n a t u r e  and  
e x t e n t  o f  t h e  tra u m a  d e p e n d e d  l a r g e l y  on t h e  s u r g e o n  
h i m s e l f . I n  a c c i d e n t  c a s e s , v a r i o u s  k i n d s  o f  i n j u r i e s  
a r e  p r e s e n t , i n c l u d i n g  c o n t u s i o n s . w o u n d s , f r a c t u r e s , 
b u r n s  and s c a l d s , e t c f n  t h e  c a s e  o f  b u r n s  and s c a l d s ,  
t h e  e x t e n t  o f  t h e  a r e a  o f  s k i n  a f f e c t e d  i s  more  
i m p o r t a n t  t h a n  iktr: d e a t h .
Wound S h o c k  was  c a u s e d  b y  a l l  f o r m s  o f  g u n s h o t  w o u n d , 
v i z . t i f l e  and m a c h i n e - g u n  b u l l e t s , s h r a p n e l  and h i g h -  
e x p l o s i v e  s h e l l s , h a n d  b o m b s , r i f l e - g r e n a d e s , t r e n c h -  
rn ortar  b o m b s , a e r i a l  b o m b s , e t c .  In  t h i s  p a r t i c u l a r  
v a r i e t y  o f  t r a u m a t i c  s h o c k , F r a s e r  and 0 owe1 1 ( ¿ 2 1 ) f o u n d  
t h a t  t h e  n a t u r e  and s e v e r i t y  o f  t h e  wounds  i n f l u e n c e d  
t h e  f a l l  o f  a r t e r i a l  p r e s s u r e . w h i c h  t h e y  t o o k  a s  t h e  
main i n d e x  o f  t h e  d e g r e e  o f  s h o c k . T r i v i a l  v ounds  d i d  
n o t  l o w e r  t h e  B . P . , t h e y  m i g h t  e v e n  r a i s e  i t . H o  s i g n s  
o f  s h o c k  d e v e l o p e d , b u t  o n l y  some e x c i t e m e n t . p a r t l y  
d p e n d i n g  on t h e  te m p e r a m e n t  o f  t h e  i n d i v i d u a l .  
M o d e r a t e l y  s e v e r e w o u n d s . w h i c h  d i d  n o t  i m m e d i a t e l y  
e n d a n g e r  l i f e , m i g h t  n o t  l o w e r  t h e  B . P . n o r  g i v e  s i g n s  
o f  s h o c k , h u t  a f t e r  a s h o r t  i n t e r v a l  t h e  B . P . f e l l  
p r o g r e s s i v e l y  and D e l a y e d  S h o c k  d e v e l o p e d . S e r i o u s  
w o u n d s , w h i c h  w o n Id  n r o v e  f a t a l  u n l e s s  t r e a t e d  a t  o n c e ,  
l o w e r e d  t h e  B . P . m a r k e d l y  and  s u d d e n l y  i n  jgx p r o p o r t i o n  
t o  t h e  s e v e r i t y  o f  t h e  i n j u r i e s  and t e m p e r a m e n t ,  and  
c a u s e d  v e r y  d e f i n i t e  s i g n s  o f  I m m e d i a t e  S h o c k . B a s q u e t t ®
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and M o u l o n g u e t ( 4 6 9 ) , h o w e v e r ,  fo u n d  no e v i d e n t  r e l a t i o n  
"between t h e  t y p e  o f  wound and s h o o k , e . sr. b o t h  l e ° - s  
m i g h t  he c r u s h e d  • i t h o u t  a n y  sie-n o f  s h o o k .
A s s o c i a t e d  f a c t o r s , a s  l i a n a ( 5 0 £ ) p o i n t e d  o u t , a r e  l o s s  
o f  "blood . e x p o s u r e  , e  . g .  o f  a h d o in in a l  v i s c e r a , c h a n g e s  i n  
t h e  n o r m a l  p r e s s u r e  r e l a t i o n s  on o p e n i n g  t h e  p a r i t o n e a l  
o r  p l e u r a l  c a v i t i e s , a n d  t h e  p r o d u c t i o n  o f  n e r v e  r e f l e x e s .  
And i t  i s  p o s s i b l e  t h a t  t r a u m a  r e a l l y  i n f l u e n c e s  t h e  
d e g r e e  o f  s h o c k , n o t  d i r e c t l y , b u t  i n d i r e c t l y  t h r o u g h  
one o r  o t h e r  o f  t h e s e  f a c t o r s .
A h a t  i s  t h e  s e q u e n c e  o f  c h a n g e s  f o i l  or i n ?  t r a u m a ?
In o t h e r  w ord s ,h ow -  d o e s  tra u m a  a c t  t o  p r o d u c e  s h o c k ?  
T h e r e  a r e  s e v e r a l  p o s s i b l e  w a y s .
I . s t i m u l a t i o n  o f  s e n s o r ; /  n e r v e s .
Some s u c h  s t i m u l a t i o n  p r e s u m a b l y  o c c u r s  on t h e  
a p p l i c a t i o n  o f  t r a u m a , p a r t i c u l a r l y  in p a r t s  w i t h  a  
r i c h  n e r v e - s u p p l y . I n  t h e  c a s e  o f  I m m e d i a t e  S h o c k , t h i s  
f a c t o r  p r o b a b l y  i s  t h e  c a u s e  o f  t h e  c o n d i t i o n ! s e e  
C e n t r a l  N e r v o u s  S y s t e m )  . B u t  in  t h e  c a s e  o f  D e l a ; / e d  
S h o o k , n o  p r o o f  h a s  y e t  b e e n  e s t a b l i s h e d , t h a t  i t  p r o ­
d u c e s  t h e  c o n d i t i o n ! s e e  C e n t r a l  N e r v o u s  S y s t e m ) . M a n y  
s u r g e o n s  b e l i e v e d  t h a t  i t  was  I n  i m p o r t a n t  f a c t o r ,  
p r o b a b l y  f r o m  t h e  w r i t i n g s  o f  C r i l e , w h o  was t h e  c h i e f  
a d v o c a t e  o f  t h i s  v i e w  and had f o u n d e d  h i s  t h e o r y  o f  
,Ta n o c i a t i o n ,,u o o n  i t .
S u p p o s i t i o n s  w e r e  drawn f r o m  o b s e r v a t i o n s  on t h e  
e f f e c t s  o f  t r a u m a  i n  s u p p o r t  o f  t h i s  p o s s i b i l i t y .
T h e s e  o b s e r v a t i o n s , h o w e v e r , a r e  c a p a b l e  o f  o t h e r  
e x p l a n a t i o n s , a n d  a c c o r d i n g l y  a l l  i n f e r e n c e s  a.nd
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d e d u c t i o n s  f r o m  t h e s e  d o u b t f u l  p r e m i s e s  a r e  f a l l a c i o u s .
The n a t u r e  o f  the  trauma i n f l u e n c e d  t h e  d e c r e e  o f  
s h o c k , a s  O r i l e ( 1 2 , 1 5 9 ) o b s e r v e d . E . g . c r u s h i n g  and t e a r i n g  
w er e  t h e  m o s t  s h o c k - p r o d u c i n g . R o u g h  h a n d l i n g  o f  t h e  
t i s s u e s  i n  s u r g i c a l  o p e r a t i o n s  g e n e r a l l y  gave  a l t e r ­
a t i o n s  i n  t h e  r e s p i r a t i o n  and p u l s e  r a t e s  and b l o g d  p r e s s u r  
l e v e l  s . T h e  i n t e n s i t y  and d u r a t i o n  o f  t h e  t r a u m a  seem ed  
t o  C r i l e ( 5 1 1 , 6 5 5 ) t o  b e a r  a  d i r e c t  r e l a t i o n  t o  t h e  e x t e n t  
o f  t h e  h i s t o l o g i c a l  c h a n g e s  i n  t h e  C e n t r a l  l l e r v o u s  
S y s t e m . I f  t h e  v i t a l i t y  were  r e d u c e d , g r e a t e r  h i s t o ­
l o g i c a l  c h a n g e s  o c c u r r e d  a f t e r  t h e  t r a u m a .  I n  j u r y  o f  
t h o s e  p a r t s  o f  t h e  b o d y  r i c h e s t  i n  n e r v e - s u p p l y !  i . e . 
n o c i c e p t o r s ) g a v e  t h e  g r e a t e s t  c h a n g e s  i n  a r t e r i a l  
p r e s s u r e  and r e s p i r a t i o n  r a t e !  g e n e r a l l y  i n c r e a s e ) a n d  
t h e  m o s t  marked b r a i n - c e l l  c h a n g e s , a c c o r d  i n g  t o  C r i l e  
( l k  , 1 5 9  , 5 0 6  , 5 1 7 , 5 5 9  , 6 5 5 )  and ?Tumnery( 3 1 )  .T h e  a b d o m e n ,  
s k i n , a n d  e x t r e m i t i e s , w h i c h  w e r e  r i c h  i n  n o c i c e p t o r s  
c o n t r a s t e d  w i t h  t h e  b r a i n , l u n g s , e t c , . C r i l e ( 1 5 9 )  
p o i n t e d  o u t  t h a t  p a r t s  u s e d  i n  s e l f - d e f e n c e  had more  
n o c i - c e p t o r s  t h a n  t h e  p r o t e c t e d  b r a i n  w h i c h  was  
i n s e n s i t i v e  and had no n o c i c e p t o r s . E x p e r i m e n t a l  
d e s t r u c t i o n  o f  one h e m i s p h e r e  in  e t h e r i s e d  d o g s  g a v e  
o n l y  a  s l i g h t  r e s p o n s e  o f  c i r c u l a t i o n  and r e s p i r a t i o n ,  
and no h i s t o l o g i c a l  c h a n g e s  in  t h e  o t h e r  h e m i s p h e r e .
Crile suggested that these changes indicated a greater
b
d e g r e e  o f  s h o c k , a n d  t h a t  t h e  d e g r e e  o f  s h o c k  v a r i e d  
d i r e c t l y  w i t h  t h e  r i c h n e s s  o f  t h e  n e r v e - s u p p l y  o f  t h e  
i n j u r e d  t i s s u e , o r  i n v e r s e l y  w i t h  t h e  p h y l o g e n e t i c  
p r o t e c t i o n  o f  t h e  i n j u r e d  t i s s u e . I n j u r i n g  o f  l a r g e
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t r u n k s  in  p a r t  i c u l a r  , e . p . b y  c r u s h  i n  p , w a s  s u p p o s e d  t o  
p i v e  a  s e v e r e  d e p r e e  o f  " s h o c k ' ’ . L o c a l  a n a e s t h e s i a  v i t h  
n o v o c a i n e  b y  b l o c k i n g  t h e  n e r v e - s u p p l y  p r e v e n t e d  t h e  
a p p e a r a n c e  o f  t h e s e  c h a n g e  s .  C r i l e (  5 1 1 , 6 5 5 ) a l s o  f o u n d  
t h a t  n o  h i s t o l o p i c a l  b r a i n - c e l l  c h a n g e s  r e r e  p r o ­
d uced  b y  t r a u m a t i s a t i o n  o f  t h e  d i s t a l  a r e a s  i n  a  " s n i n a l "
i n j u r e d
d o g . T h e  e x t e n t  o f  the  R e s u r f a c e  a l s o  a p p a r e n t l y  i n f l u ^ r  
e n c e d  t h e  d e p r e e  o f  s h o c k , a s  G r i l e  q u o t e d  b y  A l l b u t t  
and R o l l e s t o n ( 3 9 ) ) o b s e r v e d . H e r e , h o w e v e r , s e v e r a l  o t h e r  
f a c t o r s  a r e  a t  w o r k , e . p . p o s s i b l e  t o x i c  a b s o r p t i o n  f r o m  
t h e  i n j u r e d  t i s s u e s , l o s s  o f  b l o o d  b y  h a e m o r r h a p e . F r o m  
t h e s e  o b s e r v a t i o n s  and e x p e r i m e n t s , G r i l e { 2 k , 1 5 9 , 5 1 1 , 5 5 9 ,  
5 6 1 , 6 5 5 ) t h e r e f o r e  c o n c l u d e d  t h a t  a f f e r e n t  s t i r a u , l i ,  
p a r t i c u l a r l y  p a i n  s e n s a t i o n  due t o  t h e  t r a u m a , p r o d u c e d  
t h e s e  c h a n p e s , a c t i n g  h a r m f u l l y  on t h e  b r a i n  c e l l s , a n d ,  
i f  e x c e s s i v e  and p r o l o n p e d , f a t i p u i n p  t h e m . T h e y  wore  
o u t  t h e  s e n s o r y  n e r v e  n u c l e i  and t h e n  t h e  v i t a l  
m e d u l l a r y  c e n t r e s .
A n o t h e r  i n t e r p r e t a t i o n , h o w e v e r , i s  more p r o b a b l e .
T h e s e  c h a n g e s  o f  s o - c a l l e d  ,Ts h o c k " p r o b a b l y  c o n s i s t  o f  
r e f l e x  e f f e c t s  on t h e  c i r c u l a t i o n  and r e s p i r a t i o n .
The c a r d i o - i n h i b i t o r y  c e n t r e , t h e  v a s o c o n s t r i c t o r  c e n t r e ,  
and t h e  r e s p i r a t o r y  c e n t r e  a r e  s t i m u l a t e d  b y  a f f e r e n t  
i m p u l s e s  and r e f l e x  c h a n p e s  a c c o r d  i n P l y  r e  s u i t ( s e e  
H o w a r d ( 6 4 1 #) ) . T h e  more s h o c k ^ p r o d u c i n p  n a t u r e  and t h e  
g r e a t e r  i n t e n s i t y  o f  t h e  t r a u m a  may p r o d u c e  p r e a t e r  
r e f l e x  e f f e c t s  on t h e  c i r c u l a t i o n  and r e s p i r a t i o n ! I n  
t h e  c a  e o f  I m m e d i a t e  s h o c k , t h e  s e v e r e  o r  r e l a t i v e l y  
s e v e r e  tr a u m a  p r o d u c e s  t h e s e  r e f l e x  e f f e c t s  t o  a  
p r e a t e r  d e p r e e , a n d  i t  i s  p r o b a b l e  t h a t  i n h i b i t i o n  o r
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d e p r e s s i o n , i n s t e a d  o f  s t i m u l a t i o n  o r  e x c i t a t i o n , i s  
r e s  o n s i b l e . T h e  l o n g e r  d u r a t i o n  i n v o l v e s  o t h e r  o a u s a l  
f a c t o r s , e . g . l o n g e r  g e n e r a l  e x p o s u r e , l o s s  o f  b l o o d ,  
l o n g e r  a n a e s t h e s i a , e t c  , w i t h  c o n s e q u e n t  g r e a t e r  
c i r c u l a t o r y  ^ a i l u r e  and a n o x a e m i a , - n d  g r e a t e r  s e c o n d a r y  
c h a n g e s  i n  t h e  b r a i n  c e l l s . P r e l i m i n a r y  r e d u c t i o n  o f  
v i t a l i t y  a l s o  p r o b a b l y  a c t s  in  t h e  same w a y .T h e  
h y p o t h e s i s  o f  a c a p n i a  o r d e r e d  an e x p l a n a t i o n  i n  some 
c a - . e s , a s  shown b y  H e n d e r s o n  and h i s  c o w o r k e r s (  3 6 0 , 3 6 1 ,  
3 6 2 , 3 6 3 ) .T r a u m a  m i g h t  p r o d u c e  i r r i t a t i o n  o f  s e n s o r y  
n e r v e s  and r e s u l t  in  r e f l e x  h y p e r p n o e a , c o n s e q u e n t  
d i m i n u t i o n  o f  COg i n  t h e  b l o o d  and t i s s u e s ( a c a p n i a ) ,  
c i r c u l a t o r y  f a i l u r e , and s i s n s  o f  s h o c k !  s e p H e s p i r a t i o n
( 2 ) A b s o r p t i o n  o f  t o x i n s .
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).
T r a u m a . b e s i d e s  i n v o l v i n g  some i r r i t a t i o n  o f  s e n s o r yi
n e r v e s , a l s o  i n e v i t a b l y  i n v o l v e s  t h e  d e s t r u c t i o n  o f
t i s s u e  c e l l s . T h e  d e s t r o y e d  t i s s u e  t h e n  u n d e r g o e s  t h e
processes of h y d r o l y s i s . p r e s u m a b l y  b y  a u t o l y t i c
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e n z y m e s . I n  many c a s e s  o f  t r a u m a t i c  s h o c k  i t  h a s  been  
p r o v e d  t h a t  t o x i n s  f o r m e d  b y  t h i s  c a t a b o l i c  p r o c e s s  
p a s s  i n t o  t h e  c i r c u l a t i o n  and g i v e  r i s e  t o  t h e  s i f m s  
o f  s h o c k . I n  c a s e s  o f  e x p e r i m e n t a l  s h o c k  due t o  m u s c l e  
b r u i s i n s  in  p a r t i c i i l a r , t h i s  h a s  b e e n  p r o v e d  t o  be t h e  
I main c a u s a l  f a c t o r . I t  i s  p r o b a b l y  an i m p o r t a n t  f a c t o r ,  
t o o ,  i n  c a s e s  w h e re  e x t e n s i v e  t i s s u e  d e s t r u c t i o n  h a s  
b e e n  p r o d u c e d  , e . e:. i n  V ound S h o c k , C u t h b e r t  W a l l a c e  
( 5 7 6 ) n o t i c e d  t h a t  s h o c k  was g r e a t e r  when la r s ? e  m u s c u l a r  
m a s s e s  w e r e  d i v i d e d . ! S e e  B L O O D - A b s o r p t i o n  o f  T o x i n s ) .  
( 3 ) G i r c u l a t o r , y  f a i l u r e .
I t  i s  p r o b a b l e  t h a t  i t  i s  b y  i n d u e  ine-  c i r c u l a t o r y
f a i l u r e  i n  one o r  o t h e r  o f  t h e  a b o v e  ways t h a t  t r a u m a  
p r o d u c e s  s h o c k . I n  I m m e d i a t e  S h o o k , t h i s  c i r c u l a t o r y  
f a i l u r e  i s  p r o b a b l y  m a i n l y  due t o  r e f l e x  e f f e c t s  on t h e  
c i r c u l a t i o n  f r o m  a f f e r e n t  n e r v e  s t i m u l a t i o n . l t  may be  
i n i t i a t e d  b y  t h e  same means in  t h e  e a ' r l y  s t a g e  o f  
b e l a y e d  S h o c k , b u t  i n  the  p r o g r e s s i v e  s t a g e  i t  i s  o f t e n  
due m a i n l y  t o  t o x i n s  a b s o r b e d  f r o m  t h e  i n j u r e d  a r e a .  
( S e e  B l o o d  and C i r c u l a t i o n ) .
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2 . PERSONAL PHgDISBOSTITO ^ 'P T O SS.
T h e s e  a r e  s o m e t i m e s  p r e s e n t  and may h a v e  c o n s i d e r a b l e  
i n f l u e n c e  on t h e  t  r e n d  o f  e v e n t s .
ACE.
The a g e d  and y e u n e  c h i l d r e n  a r e  more s u s c e p t i b l e  
( s e e  Mu n m e r y ( 3 1 )  ) . b u t  t h e  n e w - b o r n  i n f a n t . a c c o r d i n g  
t o  C r i l e ( 7 5 ) , i s  l e s s  s u s c e p t i b l e .
SEX.
The f e m a l e . a c c o r d i n ?  t o  C r i l e ( 7 5 ) , i s  more s u s c e p t i b l e  
f r o m  a f t e r  p u b e r t y  t o  t h e  c h i l d - b e a r i n g 1 p e r i o d  o f  
r o u g h l y  b e t w e e n  2 0  and 3 0  y e a r s  o f  a v e . a n d  d u r i n g  t h e  
m e n o p a u s e . b u t  l e s s  s u s c e p t i b l e  d u r i n g  t h e  c h i l d - b e a r i n g  
p e r i o d , a n d  a f t e r  t h e  m e n o p a u s e .
N 'TIQUALITY.
The more h i g h l y  o r g a n i s e d  r a c e s  a r e  more s u s c e p t i b l e  
a c c o r d i n g  t o  C r i l e ( l o c . c i t . ) .
OCCUPATION.
P r o f e s s i o n a l  and b u s i n e s s  men a r e  more s u s c e p t i b l e  
t h a n  l a b o u r e r s , m e c h a n i c s , a n d  f a r m e r s . p e o p l e  who l e a d  
a s e d e n t a r y  i n d o o r  l i f e  more t h a n  t h o s e  who l i v e  
a c t i v e l y  o u t - o f - d o o r s , ( C r i l e  l o c . c i t . ) .
ao
EMOTIVITY.
This factor,whether inherited or acquired,has a
marked influence in the production of traumatic shock.
What are shock-eroducing ef^^cts?
P e r v e - c e l l  c h a n g e s  i n  the  b ' a i n  r e s u l t e d  a ^ t e r  ■
e x c e s s |Ve m o t i o n  . a c c o r d i n g  t o  C r i l e  ( 6 1 5 )  , i d e n t i c a l  w i t hA
t h o s e  fo u n d  in  t r a u m a t i c  s h o c k .
B l o o d - p r e s s u r e  . I n c r e a s e d  e m o t i o n  t e n d s  t o  h y p o t e n s i o n
C o w e l l ( ¿ ¿ 4 ) f o u n d  t h a t  the  B . P . w w s  r a i s e d  t o  1 4 0 - 1 6 0  mms
i n  s o l d i e r s  e x n o s e d  t o  d a n g e r  i n  P r a n c e , o r  s u f f e r i n g
f r o m  t r i v i a l  w o un d s  i f  o f  n e r v o u s  d i a t h e s i s . I n  t h e
p h l e g m a t i c  t y p e , t h e  B . P . m i g h t  n o t  be r a i s e d  u n d e r  t h e
same c ® n d i t i o n s . P o r t e r ( 2 6 1 ) f o u n d  t h e  3 . P . n o r m a l  b o t h
i n  the  wounded and unwounded in  t h e  P r e n c h  A rm y .
I n c r e a s e d  ad r e n i n  s e c r e t i o n  w as  fo u n d  in  t h e  a d r e n a l
v e i n s  a f t e r  e m o t i o n  in  c a t s , p r o b a b l y  f r o m  syra a t h e t i c
s t i m u l a t i o n , b y  Gann o n ( 1 9 6 ) and E l l i e t ( 1 0 5 , 1 0 7 ) .
D o e s  e x c e s s i v e  e m o t i o n  p r o d u c e  s h o c k ?
( 1 ) . E x c e s s i v e  e m o t i o n  a l o n e  may c a u s e  a s h o c k - l i k e
f o u n d
c o n d i t i o n . C r i l e ( 6 1 5 ) , t h a t  e x n e r i m e n t a l  s h o c k  was n r o -r
d u c e d  in  r a b b i t s  and c a t s  b y  s u b j e c t i n g  them  t e  fear.
( 3 ) . E x c e s s i v e  e m o t i o n  in  t h e  p r e s e n c e  o f  s h o c k , i t  i  
w e l l  known may agerrav t e  s h o c k . W h i l e  e m o t i o n  r e m a i n s  
i n  th e  e x c i t e m e n t  s t a g e  i t  a n p e a r s  e i t h e r  t o  f a v o u r  ©r 
c o u n t e r a c t  s h o c k . L a t e r . h o w e v e r , when d e p r e s s i o n  c o m e s  
o n , i t  a c c e n t u a t e s  s h o c k .
E x c e s s i v e  e m o t i o n  and s l i g h t  t r a u m a , f o r  e x a m p l e ,  
m i g h t  be f o l l o w e d  b y  t r a u m a t i c  s h o c k . S o m e t i m e s , s M o t t  
( 5 7 l ) p o i n t e d  o u t ,  t h e  s h o c k  m i g h t  o n l y  coipe ©n when t h  
p a t i e n t  sav t h e  in  j u r y ,  and w- s  t h u s  p r e s u m a b l y  c a u s e d
b y  t h e  e m o t i o n . l t  i s  a  common o b s e r v a t i o n  o f  s u r g e o n s ,  
t o o , t h a t  p a t i e n t s  o f  n e r v o u s T,h i g h - s t r u n g ,Tt y p e  w i t h s t a n d  
o p e r a t i o n  much w o r s e  th a n  t h o s e  o f  p h l e g m a t i c  t y p e .
( S e e  CA2E 1 ,AP?T3HDIX A . ) A c c o r d i n g  t o  U r i l e , t o o , t h e  more  
h i g h l y  o r g a i n s e d  a n i m a l s  s u f f e r e d . f r o m  e x p e r i m e n t a l  
t r a u m a t i c  s h o c k  more e a s i l y  and more s e v e r e l y .  On t h e  
o t h e r  h a n d . i t  i s  w e l l  known t h a t  e x c i t e m e n t  may c o u n t e r ­
a c t  t h e  e f f e c t s  o f  t r a u m a t i c  s h o c k  a t  f i r s t .  A wounded  
man may c o n t i n u e  f i g h t i n g  f o r  a  t i m e  w i t h o u t  s i g n s  o f  
s h o c k , b u t  a f t e r  an i n t e r v a l  when t h e  e x c i t e m e n t  h a s  
d i e d  d o w n , s h o c k  may d e v e 1 o p . A g a i n . d e g r e s s i o n  P r e d i s ­
p o s e s  t o  s h o c k . S i r  W i l l i a m  MacCormac s t a t e d ( s e e  A l l b u t t ' s  
S y s t e m  o f  M ed . ( 1 0 , 8 9 ) ) t h a t  t h e  wounded o f  a  d e f e a t e d  array  
were more p r o n e  t o  s h o c k  t h a n  t h o s e  o f  t h e  v i c t o r i o u s  
a r m y . A n x i e t y  o r  f e a r  b e f o r e  o p e r a t i o n , t o o , f a v o u r  t h e  
a o p e a r a n c e  o f  s h o c k .  In  t h e  c a s e  o f  Wound S h o c k  i n  t h e  
G r e a t  W a r . t e m p e r a m e n t  e x e r t e d  a c o n s i d e r a b l e  i n f l u e n c e .  
( S e e  GAS'S 1 .APPENDIX A .  ) B o s q u e t t e  and M o u l o n g u e t ( 4 6 9 )  
a l s o  s u g g e s t e d  t h a t  some i n d i v i d u a l  p r e d i s p o s i t i o n  to  
s h o c k  e x p l a i n e d  t h e  d i f f e r e n c e  i n  t h e  c a s e s .
In  t h e  c a s e  o f  War N e u r o s e s , M o t t ( 4 2 7 , 4 3 1 , 4 3 5 ) c o n -  
c l u d e d  t h a t  t h e  m a j o r i t y  w ere  m a i n l y  due t o  t h e  e m o t i v e  
e l e m e n t , i n h e r i t e d  o r  a c q u i r e d , a n d  t h a t  c o m m o t i o n a l  
s h o c k , o r  t r u e TTs h e l l - s h o c k " w a s  r a r e . S v e n  i f  t h e  s o l d i e r i  
had n o  i n h e r i t e d  p r e d i s p o s i t i o n  t o  e m o t i v i t y , s t i l l  he  
m i g h t  become e m o t i v e  u n d e r  t h e  s t r a i n  o f  w a r . I n  w a r  
p s y c h o n e u r o s e s , t h e  p s y c h o g e n i c  f a c t o r  was  t h e  p r e ­
d o m i n a n t  c a u s a l  a g e n t , a n d  t h e s e  c o n d i t i o n s  w e r e  t h e r e ­
f o r e  f u n c t i o n a l . t a k i n g  t h e  f o rm  o f  H y s t e r i a  o r  N e u r a s -  
t h e n i a . O a r v e r ( 4 1 8 ) f o u n d  t h a t  c o m m o t i o n a l  and e m o t i o n a l
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s h o c k  g r a d u a l l y  b l e n d e d  in  b o r d e r l a n d  c a s e s .  C om m otion  ail 
S h o c k  was  p r o b a b l y  d u e . a c c o r d i n g  t o  ?ro t t  ( 4 2 7  , 4 3 0 , 4 3 1 ,
4 3 4 ) , t o  o r g a n i c  c h a n g e s  in t h e  b r a i n  a n d  s p i n a l  c o r d ,
c a u s e d  b y  a t m o s p h e r i c  c o m p r e s s i o n  end d e c o m p r e s s i o n
.
f r o m  t h e  v i o l e n t  e x p l o s i o n , p o s s i b l y  a l s o  t o  a c t u a l  
c o n c u s s i o n  b y  v i o l e n t  c o n t a c t  w i t h  s o l i d  m a t e r i a l s .
I t  i s  p o s s i b l e  t h a t  the  e x p l a n a t i o n  o f  t h e s e  e ^ ' e c t s  
o f  e m o t i v i t y  i s  t w o - f o l d . I n  t h e  f i r s t  p l a c e , d u r i n g  
e x c i t e m e n t , t h e  c o n c e n t r a t i o n  o f  t h e  a t t e n t i o n  on 
a n o t h e r  s u b j e c t  p a r t l y  n e u t r a l i s e s  t h e  e f f e c t s  o f  t h e  
t r a u m a . I n  t h e  s e c o n d  p l a c e , t h e  i n c r e a s e d  a d r e n a l  s e c r e t i o n  
due t o  t h e  e x c i t e m e n t , m a y  c o u n t e r a c t  t h e  e f f e c t s  o f  
th e  t r a u m a . T h e  h e a r t - r a t e  i s  i n c r e  s e d . t h e  P . P . r a i s e d ,  
grlucose l i b e r a t e d , t h e  m o v e m en ts  o f  th e  a l i m e n t a r y  
c a n a l  i n h i b i t e d  , and t h e  c o a p r u la t  i o n  - p o w e r  o f  t h e  b l o o d  
i n c r  a s e d . a s  t h e  work,  o f  Gannon and E l l i o t  i n d i c a t e d .
On t h e  o t h e r  h a n d , in  I m m e d i a t e  S h o c k  when e m o t i o n  
a g g r a v a t e s  t h e  c o n d i t i o n . i t  i s  p r o b a b l e  t h a t  i n h i b i t i o n  
o l a y s  t h e  l e a d i n g  r o l e , a s  G u t h r i e ( 2 5 5 ) s u g g e s t e d .
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3. PHY3IGAL ir̂ PUETTO E 3.
EX^OSUHE TO EXTEXHIL GOLD " I I P  WET -
T h i s  i s  one o f  t h è  .m o st  i m p o r t a n t  c a u s a l  f a c t o r s  i n  
t h e  p r o d u c t i o n  o f  t r a u m a t i c  s h o c k .
What  are ith’e-  s h o c k -  or od uc i n s - e f f e c t s ?
D i m i n i s h e d  m e t a b o l i s m , L o w e r i n g  o f  bod y - t e m p e r s  t u r e  
i s  i n d u c e d  b o t h  b y  t h e  i n c r e a s e d  l o s s  o f  h e a t  and t h e  
d i m i n i s h e d  p r o d u c t i o n  o f  h e a t . W i t h  t h e  l o w e r i n g -  o f
t e m p e r a t u r e , t h e  m e t a b o l i c  p r o c e s s e s  a r e  r e t a r d e d ,
* •
^ a c c o r d i n g  t o  Cannoni  5 6 7 ) . T h u s  a l l  t h e  b o d y  f u n c t i o n s  
a r e  d e p r e s s e d  b y  i t  s  c o n t i n u a n c e .
G i  r  c u l  a t  o r :/ f a i 1 u r & . ^ a p i  11  &r 7  s t a s i s  i n  the  s u p e r -
f i o i a l  c a p i l l a r i e s  i s  i n d u c e d  b y  c o l d . I t  i s  a common
clinical o b s e r v a t i o n  t h a t  e x p o s e d ' p a r t s  o f  t h e  b o d y
become " b l u e  w i t h  c o l d " . G u l l a n d  and G o o d a l K 1 0 8 , 1 1 3 )
s t a t e d  t h a t  t h e  r e d - c o u n t  was  i n c r e a s e d  in  c a p i l l a r y
b l o o d  t a k e n  f r o m  a  c o l d  f i n d e r . T h e  v i s c o s i t y  o f  t h e
b l o o d  i s  i n c r e a s e d  3 $  b y  a f a l l  o f  1 d ep - .G .  a c c o r d  ins -
t o  D e n n i n g  and W a t s o n ( s e e  G u l l a n d  and G o o d a l l  ( 1 1 0 )  ) .
I n  c o n s e q u e n c e , t h e  c a p i l l a r y  f l o w  i s  s t i l l  f u r t h e r  
H y d r o g e n
r e t a r d e d  .T h e '  ' - i o n  c o n c e n t r a t i o n  e g a i n  i s  i n c r e a s e d  b y  l o w  A
t e m p e r a t u r e , and t h u s  a g a i n  f a v o u r s  c a p i l l a r y  s t a s i s  
( s e e  'BLOOD—He a c t  i o n  o f  t h e  b l o o d ) . T h e  s e q u e n c e  o f  c h a n g e s  
f o l l o w i n g  t h i s  p r o c e s s  and t e n d i n g  t o  c i r c u l a t o r y  
f a i l u r e  i s  t h u s  h s t e n e d . T h e  b l o o d - f l o w  i s  f u r t h e r  
r e t a r d e d , t h e  f a l l  o f  B . P . a g g r a v - -  t e d  , and t h e  b o d y  h e a t  
s t i l l  more r e d u c e d . " A c i d p s i s " . m o r e o v e r , may a l s o  be  
p r o d u c e d  b y  c o l d ,  a s  W r i g h t  and G o l e b r o o k (  3 0 1 )  s h o v e d  .
E x t e r n a l  G o ld  a l o n e  may prodvice  a  s h o c k - l i k e  c o n ­
d i t i o n  . E x p e r i m e n t a l  s h o c k , M a n n ( 3 4 7 )  showed , m i g h t  be  
p r o d u c e d  b y  e x t r e m e  c o l d . T h i s  f a c t o r  i s  o f t e n  one o f  
t h e  o r i g i n a t i n g  c o n d i t i o n s  i n  the  p r o d u c t i o n  o f  s h o c k .
E x t e r n a l  G old  in t h e  p r e s e n c e  o f  s h o c k  may g r e a t l ; /  
a g g r a v a t e  t h e  c o n d i t i o n . I n  t h e  c a s e  o f  Wound S h o c k ,  
t h i s  e x p o s u r e  t o  c o l d  whs  o f t e n  a f a c t o r  b o t h  i n  i n ­
due ini? and i n  a u g m e n t i n g  t h e  c o n d i t i o n . l t  was  fo un d  
t h a t  wound s h o c k  was more common i n  w e t  w e a t h e r  t h a n  
in  d r y . W o u n d e d  men who had becom e s o a k e d  and c h i l l e d  
m i g h t  s u f f e r  f r o m  s e v e r e  s h o c k  b u t  r e c o v e r  r a p i d l y  
on b e i n g  v a n n ed  u p . I n  o p e r a t i v e  s h o o k  s i m i l a r l y ,  
c h i l l i n g  o f  t h e  p a t i e n t  b e f o r e . d u r i n g , o r  a f t e r
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o p e r a t i o n , was s u p p o s e d  t o  be an i m p o r t a n t  o a u s a l  f a c t o r .  
In a b d o m i n a l  o p e r a t i o n S i e s p e c i a l l y ,  P r o l o n g e d  e x p o s u r e  o f  
t h e  v i s c e r a  p r e s u m a b l y  c a u s e s  a  l o s s  o f  h e a t , a n d  f o r  
t h i s  r e a s o n , a s  Uummeryi 3 1 ) p o i n t e d  o u t , t h e  e l e m e n t  o f  
t i m e  h a s  an i m p o r t a n t  b e a r i n g , e s p e c i a l l y  in  c h i l d r e n .
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TUIE OF DAY.
In  t b s  e a r l y  h o u r s  o f  t h e  rnronin®-, t h e  " v i t a l  t i d e "  
i s  a t  i t s -  l o w e s t  e b b , a s  P r o f . John W y l l i e  u s e d  t o  r e m a r k .
SEASOU.
In  ITorth A m e r i c a , t h e  end o f  w i n t e r  and b e g i n n i n g  
o f  s p r i n g , a n d  d u r i n g  t h e  h e a t  o f  t h e  summer w e r e ,  
a c c o r d i n e  t o  C r i l e ( 7 5 ) t h ^  l e a s t  f a v o u r a b l e  t i m e s  f o r  
o p e r a t i o n .
CLIMA. TE AITD ALTITUDE.
A c c o r d i n g  t o  G r i l e  ( l o c . c i t  ) p a t i e n t s  who w ere  n o t  
a c c l i m a t i s e d  o r  who had n o t  r e g a i n e d  t h e i r  n o r m a l  
e q u i l i b r i u m , w e r e  more s u s c e p t i b l e .
4 . PHYSIOLOGICAL AHD PATHOLOGICAL CPJTDITI0U3.
( a)?ATIGUE THOU ETTHEIE EXE -.TIPPAH T AUT OF SLEEP.
T h i s  f a c t o r  i s  a l s o  v e r y  i m p o r t a n t  a s  a  c a u s a l  a gen
Ah a t  a r e  -fche s h o c k - p r o d u c i n g  e f f e c t s ?
I t  i s  o n l y  i n  s o  f a r  as t h è  e f f e c t s  on t h e  c e n t r a l  
n e r v o u s  s y s t e m  a r e  c o n c e r n e d  t h a t  f a t i g u e  t e n d s  t o  
p r o d u c e  s h o c k . A  g e n e r a l  n e r v o u s  d e p r e s s i o n  r e s u l t s  
f r o m  i t . T h e  n a t u r e  o f  f a t i g u e , h o w e v e r , can  o n l y  be  
known when we know more o f  t h e  c h e m i s t r y  o f  l i v i n g  
m a t t e r . W h i l e  s l e e p  i s  t h e  p e r i o d  o f  c o m p a r a t i v e  r e s t ,  
d u r i n g  w h i c h  t h e  a n a b o l i c  p r o c e s s e s  a r e  i n  e x c e s s  o f  
t h e  c a t a b o l i c i  s e e  H o w e l l ( 6 1 8 ) ) , f a t i g u e  a o p e a r s  t o  be
t h e  c o n v e r s e . A n d  w h i l e  t h e  n a t u r e  o f  s l e e p  i s  e x p l a i n e d  
b y  a number o f  d i f f e r e n t  t h e o r i e s , o f  w h i c h  t h e  a n a e m i a  
t h e o r y  o f  H i l l  and H o w e l l ( 6 1 8 ) se e m s  m o s t  g e n e r a l l y  
a c c e p t e d , s i m i l a r l y  t h e  n a t u r e  o f  f a t i g u e  i s  e q u a l l y  
o b s c u r e . C r i l e . h o w e v e r . p r o f e s s e d  t o  r e g a r d  f a t i p u e  a s  
e x h a u s t i o n  o f  t h e  " k i n e t i c  s y s t e m ” i n  t h e  same v ;ay  a s  
t r a u m a t i c  s h o c k . H e ( 5 r> 8 , 5 5 3 ) e m p h a s i s r d t h a t  r e s t  and  
s l e e p  g a v e  fund-  m e n t a l  r e s t o r a t i o n  in  c a s e s  o f  s h o c k ,  
and t h a t  t h e  c h a n g e s  w e r e  m a p i c a l l y  r e p a i r e d  b y  s l e e p .  
The p r o d u c t i o n  o f  s l e e p  was t h e  i d e a l  t r e a t m e n t  o f  
s h o c k  and e x h a u s t i o n .
H a t i g u e  f r o m  w a n t  of s l e e p  a l o n e  may p i v e  a  s h o c k ­
l i k e  c o n d i t i o n , O r i l e ( 5 0 8 , 5 5 3 ) f o u n d  t h a t  e x p e r i m e n t a l l y  
want  o f  s l e e o  in  r a b b i t s  p r o d u c e d  h i s t o l o p i c a l  c h a n g e s  
i n  t h e  b r a i n , s i m i l a r  t o  t h o s e  o f  t r a u m a t i c  s h o c k .
F a t i g u e  in  t h e  p r e s e n c e  o f  s h o c k  m a r k e d l y  a g g r a v a t e  
t h e  c o n d i t i o n . T h i s  v.as c o m m o n ly  o b s e r v e d  i n  c a s e s  o f  
Wound S h o c k  in  t h e  G r e a t  W a r .
(b) .PlIIT.
T h i s  f a c t o r  i s  n o t  n e c e s s o r y  t o  t h e  p r o d u c t i o n  o f  
s h o c k , f o r  g e n e r a l  a n a e s t h e s i a  a b o l i s h e s  p a i n  b u t  n o t  
o p e r a t i v e  s h o c k .
V i o l e n t  s t i m u l a t i o n  o f  a f f e r e n t  n e r v e s  p r e s u m a b l y  
a c t « i n  a s i m i l  r  manner t o  p a i n , i . e . b y  p r o d u c i n g  
r e f l e x  e f f e c t s  on t h e  c i r c u l a t i o n  and r e s p i r a t i o n ( s e e  
u n d e r  THAUFA and CHUT RAH HRRVOUS SYSTHM) ,  and i t  h a s  
n o t / y e t  b e e n  p r o v  d t h a t  t h i s  f a c t o r  a l o n e  c o u s e s  s h o c k ,  
a s  t h e  a n i m a l s  h a v e  a l w a y s  b e e n  u n d e r  a n a e s t h e s i a . A  d i s  
a g r e e a b l e  s m e l l  o r  s i g h t  may g i v e  a  s h o c k -v l ik e  e f f e c t ,
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s
and more s e n s i t i v e  p a r t s  seem t o  F i v e  a more s e v e r e  
d e c r e e  o f  s h o o k , e . f . t h e  f in F er , t e s t i c l e , o r  l a r y n x .
I t  i s  commonly b e l i e v e d , h o \  e v e r , t h a t  pain a F F r a v a t e S  
s h o c k .  In  Wound S h o c k , due  , e . f .  , to fracture of the f e m u r ,  
p a i n  f r o m  want o f  immobilisation and extension v/as  
believed to b on inroortant a^FravatinF factor , b e f ore 
the Feneral in troduct ion  o f  the Thomas splint.
( c  ) . LAOk OF TOQD klUi WATER.
h a o x  o f  f o o d  i s  w e l l  known t o  p r e d i s p o s e  marke d l y  
t o  t r a u m a t i c  s h o c k . I T h ’e;  g e n e r a l  e f f e c t  i s  t o  p r o d u c e  
a  F e n e r a l  l o w e r i n F  o f  v i t a l i t y  o f  a l l  t h e  e s s e n t i a l  
o r F a n s . I t  s a g F r ' i v a t i n g  i n f l u e n c e  i s  s e e n  in  c a . e s  o f  
o e s o p h a F e a l  o b s t r u c t i o n , e t c . , b u t  in  t h e s e  c a s e s  o t h e r  
f a c t o r s , s u c h  a s  c a n c e r o u s  c a c h e x i a  and t o x a e m i a  o b s c u r e  
t h e  e f f e c t s  o f  n u r e  s t a r v a t i o n .
L a c k  o f  w a t e r  u n d o u b t e d l y  i n f l u e n c e s  t h e  t e n d e n c y  
t o  s h o c k . f P f t e .  e f f e c t  l i e s  c h i e f l y  on t h e  c i r c u l a t i o n ,  
P r e s u m a b l y  t h e  b l o o d  v o lu m e  i s  r e d u c e d , a n d  s o  t h e  
t e n d e n c y  t o  c i r c u l a t o r y  f a i l u r e  i s  a c c e n t u a t e d . In  t h i s  
c o n n e c t i o n . h o w e v e r , a l a r F e  m a r F in  o f  s a f e t y  u r o b a b l y  
e x i s t s , a s  U n d e r h i l l  and K a p s i n o w ( 6 0 8 )suFFested.T h e y  
fo un d t h a t  i n  doFS w i t h  i n c r e a s e d  c o n c e n t r a t i o n  o f  
b l o o d  f r o m  b e i n F  d e p r i v e d  o f  w a t e r  f o r  a number o f  d a y s ,  
t h e  b l o o d  d i d  n o t  show t h e  u s u a l  i n c r e a s e  o f  c o n c e n t r a t i o n  
r a f t e r  p e p t o n e  o r  h i s t a m i n e  i n  s e c t i o n . P r o b a b l y  t h e  
b l o o d  was a l r e a d y  c o n c e n t r a t e d  a l m o s t  t o  i t s  l i m i t .
In  o a s e s  o f  s h o c k , l a c k  o f  w a t e r  m a r k e d l y  a g g r a v a t e s  
th e  o o n d i t i o n . S o l d i e r s  d e p r i v e d  o f  w a t e r  i n  t h e  h r e a t  
|War w er e  f o u n d  t o  s i i f f e r  more s e v e r e l y  f r o m  wound 
s h o c k .  S i m i l a r l y , d e p r i v a t i o n  o f  w a t e r .violent purFinF,
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e t c . . " b e f o r e  o p e r a t i o n s , i s  s u p p o s e d  t o  f a v o u r  t h e  
d e v e l o p m e n t  o f  o p e r a t i v e  s h o c k .
(d ) . D E B I L I T Y .
D e b i l i t y  f r o m  a n t e c e d e n t  i l l n e s s  o r  p r e s e n t  
c o n s t i t u t i o n a l  d i s e a s e , i n  p a r t i c u l a r  t h e  c a c h e x i a  o f  
m a l i g n a n t  d i s e a s e . m a r k e d l y  p r e d i s p o s e s  t o  s h o c k . ! .  
Mummery( 3 1 ) e m p h a s i s e d  t h a t  t h e  p r e - o p e r a t i v e  c o n d i t i o n  
s h o u l d  e x c l u d e  a n y  s u c h  d e b i l i t y .
5 . HATL¥03HH.^T.
T h i s  i s  one o f  t h e  m o s t  s h o o k - p r o d u c i n p '  f a c t o r s . A s  
i t  i s . h o w e v e r , o n l y  s o m e t i m e s  p r e s e n t  i n  c a s e s  o f  
t r a u m a t i c  s h o c k , a n d  n o t  a l w a y s , l i k e  t r a u r n a . i t  i s  n o t  
an e s s e n t i a l  c a u s a l  f a c t o r . I f  h a e m o r r h a g e  a l o n e  be 
p r e s e n t , t h e n  c e r t a i n  s i s n s  o f  s h o c k  a p p e a r . ' R s p e c i a l l y  
i f  i t s  e x t e n t  be c o n s i d e r a b l e . i t  may p r o d u c e  a s h o c k ­
l i k e  c o n d i t i o n  w h i c h  c l o s e l ; /  r e s e m b l e s  t r u e  t r a u m a t i c  
s h o c k .
V h a t  a r e  the  s h o c k - l i k e  e f f e c t s ?
The e f f e c t s  o f  h a e m o r r h a g e  r e s e m b l e  i n  G e n e r a l  t h o s e  
o f  t r a u m a t i c  s h o c k , t h o u g h  i n  some r e s p e c t s  t h e y  d i f f e r  
( s e e  D i f f e r e n t i a l  D i a g n o s i s ) .
The c l i n i c a l  s i p n s  a r e  s i m i l a r . b e c a u s e  b o t h  c o n d i t i o n  
d ep e n d  on l o s s  o f  c i r c u l a t i n g  b l o o d - v o l u m e . I n  b o t h  v e r y  
l i t t l e  a n a e s t h e s i a  i s  r e q u i r e d .
C e n t r a l  ITervous S y s t e m . H e r v e  c e l l  c h a n g e s  . a p p a r e n t l y  
i d e n t i c a l  w i t h  t h o s e  o f  t r a u m a t i c  s h o c k , w e r e  o b s e r v e d  
b y  v a r i o u s  o r k e r s , i n c l u d i n g  D o l l e y ( 7 4 ) ( 9 7 )a n d  C r i l e  
( 6 5 7 ) .
The b l o o d  and c i r c u l a t i o n . T h e  c i r c u l a t o r y  c h a n g e s
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a r e  s i m i l a r  t o  t h o s e  o f  s h o o k  and i n d i c a t e  c i r c u l a t o r y  
f a i l u r e . T h e  p u l s e  r a t e  i s  a l w a y s  i n c r e a s e d . T h e  b l o o d  
p r e s s u r e  f a l l s  r a p i d l y , a n d  g r e a t l y  a g g r a v a t e s  t h a t  
due t o  t r a u m a t i c  s h o c k . U s i n g  t h e  method o f  a r t i f i c i a l  
p e r f u s i o n i s e e  CIRCULATION—S u p p o s e d  D i l a t a t i o n  o f  
A r t e r i e s ) ,  Sollrnann and B i l c h e r (  1 4 3 ) f o u n d  t h a t  h a e m o r r h a g e  
p r o g r e s s i v e l y  s t i m u l a t e d . d e p r e s s e d , and p a r a l y s e d  t h e  
v a s o c o n s t r i c t o r  c e n t r e . A s  shown b y  t h e  p e r f u s i o n  f l o w ,  
t h e  c e n t r e  was p a r a l y s e d , when 5 5 - 4 0  c c s . p e r  k i l o . h a d  
b e e n  b l e d , a n d  t h e  b l o o d  p r e s s u r e  had f a l l e n  t o  30rnms.  
S a l i n e  i n f u s i o n  b e f o r e  p a r a l y s i s  m i g h t  r e s t o r e  i t . T h e  
lo w  b l o o d  p r e s s u r e  l e v e l  d e p e n d e d  on t h e  a m o u nt  o f  
b l o o d  l o s t , n o t  on t h e  r a p i d i t y . B a y l i s s ( 3 1 1 ) f o u n d  t h a t  
in  e x p e r i m e n t a l  t r a u m a t i c  s h o c k  . p r o d u c e d  in  v a r i o u s  v a  
h a e m o r r h a g e  e v e n  s l i g h t  i n  d e g r e e , g r e a t l y  a g g r a v a t e d  
t h e  c o n d i t i o n . " E x p e r i m e n t a l  b l e e d i n g  o f  a c a t  o f  \  o f  
i t s  b l o o d  was n o t  d a n g e r o u s , b u t , i f  o t h e r  f a c t o r s  p r o ­
d uced  a  f a l l  o f  b l o o d  p r e s s u r e  th e n  a  much s l i g h t e r  
h a e m o r r h a g e  g a v e  a p e r m a n e n t  f a l l  o f  b l o o d  p r e s s u r e  
( 3 2 1 ) . S i m i l a r l y , i f  s l i g h t  h a e m o r r h a g e  w ere  r e p e a t e d  
s e v e r a l  t i m e s . C a n n o n (  5 6 7 ) c a l l e d  t h i s  ’’ c r i t i c a l  f u r t h e r  
b l e e d i n g ” .M a n n ( 5 0 2 ) and C a n n o n ! 5 6 7 ) f o u n d  t h a t  t h e  - f e l l  
o f  a r t e r i a l  p r e s s u r e  was a t  f i r s t  c o m p e n s a t e d , and t h e n  
n o t  r e c o v e r e d  f r o m , S i m i l a r l y , i f  a f t e r  one o r  two s m a l l  
h a e m o r r h a g e s , t h e  a b d o m i n a l  v i s c e r a  ' . '•re e x p o s e d  f o r  a  
s h o r t  t i m e , a g a i n  c o m p e n s a t i o n  d i d  n o t  o c c u r . ( 5 0 2 ) .
The vo lu m e o f  b l o o d - f  l o w , R e s e l l  ( 3 6 S ‘; 5 9 9 ) f o u n d  , w a s  
d i m i n i s h e d  i n  h a e m o r r h a g e , j u s t  a s  i n  t r a u m a t i c  s h o c k .
I t  w<s d e c r e a s e d  o u t  o f  a l l  p r o p o r t i o n  t o  t h e  d e c r e a s e  
i n  b l o o d  v o l u m e . I n  s l i g h t  h a e m o r r h a g e , ( l O ^ d e c r e a s e  o f
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b l o o d - v o l u m e ) , m ark ed  r e d u c t i o n  o f  ev en  60/£ m i g h t  o c c u r
a l o n g  w i t h  a r i s e  o f  b l o o d  p r e s s u r e  p r o b a b l y  f r o m  
c e n t r a l  v a s o c o n s t r i c t i o n  c o m p e n s a t i n g  t h e  c o n c e n t r a t i o n  
o f  b l o o d  w h i c h  was n o t e d . O n  s t i m u l a t i n g  t h e  C h o r d a  
T y m p a n i . h e  f o u n d  t h e  v o l u m e - f l o w  was r e d u c e d  o u t  o f  a l l  
p r o p o r t i o n  t o  t h e  r e d u c t i o n  i n  mean b l o o d  p r e s s u r e .  
C o n v e r s e l y , w i t h  i n f e c t i o n  f o  Cum A c a c i a ( 4 5 0 , 5 9 9 ) .T h e  
" n u t r i e n t - f l o w "  ( i . e . v o l . f l o w X o o n c ^ n t r a t i o n  o f  b l o o d )  
m i g h t  t h u s  be i n c r e a s e d  s e v e r a l  h u n d re d  p e r  c e n t ,  
b e c a u s e  t h e  v o l u m e - f l o w  was i n c r e a s e d  o u t  o f  p r o p o r t i o n  
t o  t h e  d i l u t i o n . D e c r e a s e  o f  " n u t r i e n t  f 1 o v "  m i g h t  
o c c u r  a l o n g  w i t h  I n c r e a s e d  v o l u r n e - f  lo w  and i n c r e a s e d  
mean b l o o d  p r e s s u r e .
The h e a r t , a s  i n  t r a u m a t i c  s h o c k , i s  n o t  p r i m a r i l y  
a f f e c t e d  ,T?eek and E y s t e r (  3 6 9  ) fo u n d  t h a t  h e a r t  o u t p u t  
i n  t h e  i n i t i a l  s t a g e  o f  a  s m a l l  h a e m o r r h a g e  i n  d o g s  
r e m a i n e d  C o n s t a n t , a s  d e t e r  i n e d  b y  t h e  d i a s t o l i c  h e a r t  
s i z e  s e e n  w i t h  t h e  X - r a y s , u n t i l  2/o o f  b o d y - w e i g h t  o f  
b l o o d  was l o s t .
The r e d u c e d  b l o o d  v o lu m e  i n  e f f e c t i v e  c i r c u l a t i o n  
i s  one o f  t h e  c e n t r a l  f e a t u r e s  i n  b o t h  s h o c k  and  
h a e m o r r h a g e , and e x p l a i n s  t h e  s i m i l a r i t y  i n  t h e i r  
c l i n i c a l  s i g n s . B l o o d  c o u n t s  show a marked d e c r e a s e  o f  
r e d  c o r p u s c l e s . T h e y  m i g h t  be r e d u c e d  t o  a  m i l l i o n  o r  
l e s s , a n d  t h e  h a e m o g l o b i n  p e r c e n t a g e  in  p r o p o r t i o n ,  
t h e  minimum b e i n g  r e a c h e d  1 - 3  d a y s  a f t e r •,a c c o r d i n g  
t o  D u l l a n d  and D o o d a l K 1 1 5 ) . T h e  T o t a l  H a e m o g l o b i n  
E s t i m a t i o n  . d e r i v e d  f r o m  t h e  ‘H a e m o g l o b i n  p e r c e n t a g e  and  
b l o o d  v o lu m e  g i v e s  a good i n d i c a t i o n  o f  t h e  p a t i e n t ' s  
c o n d i t i o n . a c c r o d i n g  t o  R o b e r t s o n ( 2 8 8 ) and R o b e r t s o n  and
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and B o o k ( 2 9 1 ) . I f  i t  w e r e  t w e n t y  f i v e  p e r  o e n t  t r a n s ­
f u s i o n  was i n d i c a t e d .
? a l l  o f  a l k a l i  r e 3 p r v e t a k e s  p l a c e . O e s e l l ( 4 5 0 ) f o u n d  
t h a t ,  i n  e x p e r i m e n t a l  b l e e d  in f? ,  a s  t h e  b l o o d  v o lu m e  
d i m i n i s h e d  and t h e  "H a e m o g lo b in  p e r c e n t a g e  r e m a i n e d  
c o n s t a n t , t h e  a l k a l i  r e s e r v e  f e l l  s i m u l t a n e o u s l y . T h i s  
i n d i c a t e d  t h a t  t h e  d i s t u r b a n c e s  in  o x i d a t i o n  v a r i e d  
d i r e c t l y  w i t h  t h e  d e c r e a s e  in  v o lu m e  o f  b l o o d - f l o w .
D i m i n i s h e d  t i s s u e  a c t i v i t y  i s  i n d i c a t e d  b y  s e v e r a l  
c h a n g e s . T h e  g l a n d u l a r  s e c r e t i o n s  a r e  d i m i n i s h e d , a s  in  
s h o c k . T h e  s e c r e t i o n  o f  u r i n e  and o f  s a l i v a , a s  B a y l i s s  
( 3 0 9 ) f o u n d , a r e  r a p i d l y  d e c r e a s e d . D e c r e a s e d  r e s p o n s e  
t o  s t i m u l a t i o n  i n  t h e  m u s c l e s  w a s  o b s e r v e d  i n  d o g s  b y  
O e s e l l ( 6 0 0 ) w h i l e  t h e  c o n v e r s e  o c c u r r e d  w i t h  i n j e c t i o n  
o f  g u m - s a l i n e . p r o b a b l y  f r o m  i n c r e a s e  i n  " n u t r i e n t - f l o w " . 
P e r h a p s , t o o , t h e  r e s i s t a n c e  t o  p o i s o n o u s  p r o d u c t s  o f  
i n j u r e d  t i s s u e s  i s  l o w - r e d , a s  i n  h i s t a m i n e  s h o c k , D a l e  
( 4 7 7  ) s u g g e  s t e d .
The r e s p i r a t o r y  c h a n g e s  a r e  s i m i l a r  t o  t h o s e  i n  s h o c k ,  
h y p e r p n o e a  o r  d y s p n o e a  b e i n g  p r e s e n t .
C O ^ a d m i n i s t r a t i o n  a f t e r  h a e m o r r h a g e  g a v e  a  g r e a t e r  
h y p e r p n o e a ,  a c c o r d  i n  o- t o  ( r e s e l l  ( 6 0 6 )  . P r o b a b l y  t h e  r e ­
d u c e d  v P lum e f l o w  had d i m i n i s h e d  t h e  t r a n s p o r t  o f  C0 .->Cj
i n  t h e  b l o o d ( a n d  a l s o  t h e  r a t e  o f  o x y g e n  c o n s u m p t i o n ) .  
C o n v e r s e l y . a f t e r  i n j e c t i o n  o f  gum a c a c i a , p r o b a b l y  f r o m  
t h e  i n c r e a s e d  ,Tn u t r i e n t - f l o v ; ” and c o n s e q u e n t  i n c r e a s e d
t r a n s p o r t  o f  o x y g e n , d e c r e a s e d  r e d u c t i o n  o f  oxyhaerno-^lo
;
and d e c r e a s e d  a c i d  m e t a b o l i t e s .
D e c r e a s e  in  o x y g e n  a f t e r  h a e m o r r h a g e  i n  u n a n a e s t h e t i s e  




(598).This was probably due to the diminished flow of 
blood and the weak stimulating power of lack of oxygen 
on the respiration.
HAEMORRHAGE-SHOOK.
If haemorrhage be absent .traumatic shock is sometimes 
absent.It is a common observation that,in surgical 
operations,in which loss of blood is carefully and 
thoroughly controlled,sivns of shock either do not 
appear or do so in lessened decree.
Haemorrhage occurring in the presence of traumatic 
shock,on the other hand,greatly aggravates the condition 
In Wound Shock it was generally present in some unknown 
decree.In fact,several observers suggested that it was 
the main cause of the condition,and in cases in which 
it had occurred’ to a moderate or serious decree,a 
special type was distinguished as "Eaemorrhagic Shock'.’ 
Similarly,in accidental wounds in civil life.In 
operative shock,too,the detrimental effects of loss of 
blood are well known to surffeons.where severe shock 
is developing,even slight loss of blood rnay greatly 
as-ffrav&te the condition and a fatal result ensue.Mann 
(502)concluded that a combination of deep anaesthesia, 
operative trauma,and haemorrhage was the most common 
cause of operative shock.
6.TOXAEMIA.
Tox- emia may be a cause of traumatic shock.The pro­
gressive stag-e of Delayed Shock probably results from
this factor mainly (see EL00D Absorption of toxic
substances).
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Toxaemia in the presence of shock markedly aggravates 
the condition.In the ca:e of Wound Shock,the toxaemia 
of infection had a markedly aggravating effect.
Anaerobic infect ions, e.g.gas gangrene infection of 
muscles,and mix^d streptococcal infection,in particular, 
were often associated with it.So frequently v-s the 
association observed that a special type of shock,in 
which infection was a predominating factor,was dis­
tinguished as Toxic Shock or Septic Shock or Infectious 
Shock.In Operative Shock,too,any toxaemia before or 
after operation has a markedly deleterious effect.
Wright and Colebrookf301)found that acidosis was 
present.in gas gangrene infection.
If the Blood Pressure were low in this infection, 
intravenous gum-saline, according to Bayliss(330).helped 
the patient to combet it.
7. ANAESTHESIA.
The presence of this factor in operations is what 
distinguishes Operative or Surgical Shock from other 
varieties of Traumatic 3hock.lt cannot be the cause 
of Traumatic Shock in general,as these other varieties 
of shock occur without its presence.In the base of 
Operative Shock,however.produced in surgical operations 
iinder general anaesthesia.it is a factor,the effects 
of which require consider tion,and which may possibly 
be a causal factor in the condition.
What re the possible shock-producing effects?
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The p h a r m a c o l o g i c a l  a c t i o n  o f  t h e  ^ e n e r a l  a n a e s ­
t h e t i c s  on t h e  C e n t r a l  N e r v o u s  S y s t e m  i n  g e n e r a l  i s  t o  
p r o d u c e  a  p r o g r e s s i v e -  d e s c e n d i n g  p a r a l y s i s , c o m m e n c i n g
w i t h  t h e  h i g h e s t  c e r e b r a l  f u n c t i o n s  and p a s s i n g *  d o w n ­
ward and e f r e e t i n g  t h e  m e d u l l a r y  c e n t r e s  l a s t  o f  a l l .
The d e t a i l s  o f  t h e  a c t i o n  b e l o n g  t o  p h a r m a c o l o c r y ( s e e  Gushny  
1 7 4 ) ) . The s e n s o r y  f u n c t i o n s  a r e  a f f e c t e d  b e f o r e  t h e  m o t o r ,  
and i t  i s  p r o b a b l e  t h a t  t h e  a n a e s t h e t i c s  f i r s t  a c t  on 
t h e  f i r s t  a f f e r e n t  s y n a p s e ( 1 7 4 ) .
T h i s  v i e w  was c o n f i r m e d  b y  t h e  w o r k  o f  F o r V s  and h i s  
c o w o r k e r s ( £ 1 1 , 2 1 2 , 6 0 1 ) . T h e s e  o b s e r v e r s  c o n c l u d e d  t h a t  
e t h e r  b l o c k e d  t h e  s y n a p s e s  b e t w e e n  t h e  1 s t  and 2n d .  
n e u r o n e s , a t  f i r s t  p a r t i a l l y , a n d  t h e n  a l m o s t  c o m p l e t e l y ,
A p r e l i m i n a r y  i n v e  s t i g a t i o n ( 2 1 1 )  showed t h a t  e t h e r  d id  
n o t  a b o l i s h  a c t i o n - c u r r e n t s  i n  n e r v e  t r u n k s  s u b j e c t e d  t o  
d i r e c t  s t i m u l a t i o n . T C v e n  u n d e r  e t h e r  d ^ e p  e n o u g h  t o  s t o p  
r e s p i r a t i o n  and c a u s e  d e a t h , a c t i o n - c u r r e n t s  and c o n ­
t r a c t i o n  o f  t h e  i n n e r v a t e d  m u s c l e  s t i l l  t o o k  p l a c e .  
T h e r e f o r e , n e r v e  i m p u l s e  and a c t i o n - c u r r e n t  w ere  i n ­
s e p a r a b l e  , and t h e  a c t i o n  c u r r e n t  was a s a f e  c r i t e r i o n  
o f  t h e  n r e s e n c e  o r  a b s e n c e  o f  n e r ' e  i m p u l s e  in  c o n n e c t i o n  
w i t h  t h e  a c t i o n  o f  e t h e r . T h e  a f f e r e n t  i m p u l s e s  were  
t h e n  t e s t e d  i n  d e c e r a b r a t e  c a t s  w i t h  a  s t r i n g  sralvario­
m e t e r  ( 2 1 2 , 6 0 1 ) . S t i m u l a t i n g  e l e c t r o d e s  w e r e  a p n l i e d  
t o  a l a r g e  a f f e r e n t  n e r re . e . er. s c i a t i c  , and t h e  d i s t u r b a n c e s  
s e t  up  in  t h e  n e u r o n e s  o f  t h e  f i l l e t  w a s  r e c o r d e d  w i t h  
t h e  s t r i n g  g a l v a n o r n e t c ' , b o t h  w i t h o u t  and w i t h  e t h e r .
The a c t i o n - c u r r e n t s  showed t h a t  l i e h t  e t h e r  d e c r e a s e d  
t h e  c u r r e n t s  o r o b a b l y  i n t h e  2n d . n e u r o n é s , ( f i l l e t ) .  '
T h i s  d e c r e a s e  was  p r o b a b l y  due t o  b l o c k i n g  a t  t h e  
s y n a p s e s  b e t w e e n  t h e  1 s t . and 2n d . n e u r o n - s , t h e  b l o c k  i n  
t h e  r e m a i n i n g  s y n a n s e c  b e i n g  i n c  . n r o l e t e . W i t h  d e e -o e r  
e t h e r i s a t i o n , m o r e  d i m i n u t i o n  r e s u l t e d  , p r o b n b l y  f r o m
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"b lo o d ing :  a t  more s y n a p s e  s . V / i t h  d e e p  s u r g i c a l  a n a e s t h e s i a ,  
t h e r e  was g r e a t  r e d u c t i o n . a l m o s t  a b o l i t i o n . T h e r e f o r e  v e r y  
f e w  i m p u l s e s  p r o b a b l y  p a s s e d  t h e  b l o c k , a n d  e t h e r  d i d  
• p ro te ct  t h e  b r a i n  f r o m  a f f e r e n t  i m p u l s e  s .  Mann( 2 5 3 )  fo u n d  
t h a t  some o f  t h e  m e d u l l a r y  r e f l e x e s  w er e  n o t  b l o c k e d ,  
i f  v e r y  s t r o n g  s t i m u l i  w ere  u s e d .
C y t o l y t i c  o h a n g e s  in  t h e  n e r v e  c e l l s  o f  t h e  b r a i n ,  
v i z . h y p e r c h r o r n a t i s m  f o l l o w e d  b y  c h r o m a t o l y s i s , w ere  
d e s c r i b e d  b y  C r i l e ( 1 2 5 , 1 5 3 , 5 1 2 , 5 1 6 , 5 2 5 , 5 5 9 ) a s  o c c u r r i n g  
i n  e x p e r i m e n t a l  t r a u m a t i c  s h o c k  u n d e r  e t h e r  end  
c h l o r o f o r m . U n d e r  cur :  re  t h e  c h a n g e s  w e r e  n o  g r e a t e r  t h a n  
u n d e r  e t h e r .  U nder  ITO.^and C h t h e s e  c h a n g e s  d i d  n o t  o c c u r  
t o  t h e  same d e g r e e . U n d e r  a p p r o x i m a t e l y  e q u ^ l  t r a u m a ,  
C r i l e ( 5 1 4 , 5 1 5 ) f o u n d  t h a t  t h e  f a l l  o f  B l o o d  P r e s s u r e  
was much l e s s  and t h e  c o n d i t i o n  o f  t h e  a n i m a l  ' a s  
b e t t e r , a n d  t h e  b r a i n - c e l l  c h a n g e s  ’ e r e  o n l y  a  1 / 3  a s  
g r e a t  a s  u n d e r  e t h e r . W i t h e r  a n a e s t h e t i c  a l o n e  w i t h o u t  
t r a u m a  d i d  n o t  g i v e  s u c h  g r e a t  chan  ge s . C h a n g e s  in  
t e m p e r a t u r e  and in  e l e c t r i c a l  c o n d u c t i v i t y  c o r r e s p o n d e d  
t o  t h e  h i s t o l o g i c a l  c h a n g e s .
I t  i s  m o s t  p r o b a b l e  t h a t  t h e s e  c h a n g e s  r e s u l t  
s e c o n d a r i l y  f r o m  a n o x a e m i a  due t o  t h e  f a i l u r e  o f  
c i r c u l a t i o n . A s  e t h e r  i s  more d e p r e s s i v e  on t h e  c i r ­
c u l a t i o n  t h a n  n i t r o u s  o x i d e , g r e a t e r  s e c o n d a r y  c h a n g e s  
a r e  p r o d u c e d . C r i l e ( 1 5 3 , 1 5 8 , 5 6 1 ) . h o w e v e r . c o n c l u d e d  t h a t  
e t h e r  and c h l o r o f o r m  f i r s t  a c t e d  on t h e  e f f e r e n t  p a t h ,  
and s u p p o s e d  t h a t , t h e  a f f e r e n t  o a t h  b e i n g  u n b r o k e n ,  
s e n s o r y  s t i m u l i  r e a c h e d  and m o d i f i e d  t h e  b r a i n  c e l l s  
j u s t  a s  i f  no  a n a e s t h e t i c  had b e e n  g i v e n . T h e  b r a i n  c e l  
c h a n g e s  w ere  due a p p a r e n t l y  t o  t h e  d i s c h a r g e  o f  e n e r g y
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i n  a  f u t i l e  e f f o r t  t o  e s c a p e  f r o m  t h e  i n j u r y . U n d e r  lipr!  
anae s t h e s i a ,  v a g u e l y  p u r p o s e i v e  m o v e m e n ts  t o o k  p i  m e  
a s  t h o u g h  e f f o r t s  t o  e s c a p e  f r o m  t h e  i n  j u r y . Y / h e n  t h e s e  
m o v e m en ts  w ere  a h o l i s h e d  , h e  s u p p o s e d  t h a t  t h e  p a i n  
i m p u l s e s  had e x h a u s t e d  t h e  b r a i n  c e l l s .
He(526)attributed the protective action of nitrous 
Oxide to its interference with the use of oxygen by 
the brain cells.
B l o o d  and c i r c u l a t i o n .
H e a r t . The a n a e s t h e t i c s  e t h e r  and c h l o r o f o r m  e x e r t
a g r a d u a l  d e p r e s s i v e  i n f l u e n c e  on t h e  h e a r t  m u s c l e .
Hitrous Oxide does not affect the heart directly,but
o n l y  b y  l a c k  o f  o x y g e n . a c c o r d i n g  t o  K e m p (G }a n d  Trew
( 6 5 1 ) .  ( S e e  a l s o  O ush nyl  1 7 4 ) ) .  T h i s  d e p r e s s i o n  and d e c r e a s e
o f  outpixt  o f  t h e  h e a r t  u n d e r  e t h e r  may p r o d u c e  t h e  f a l l
o f  b lo o d  ^¡re ¿ s u r e .  Sudden h e a r t  f a i l u r e  may o c c u r  r i t h
chloroform,especially light chloroform anaesthesia.
L e v y (  l £ 8 ) a t t r i b u t e d  t h i s  t o  t h e  o n s e t  o f  V e n t r i c u l a r
f i b r i l l a t i o n . l t  i n d i c a t e d  an a b n o r m a l  i r r i t a b i l i t y  o f
the heart under 0HC1,,which generally occurred at the
beginning or end o* anaesthesia,or under excitement,
strong sensory nerve stimulation,or adrenalin.In deep
G H C l^ t h e  r e s p i r a t i o n  f a i l e d  f i r s t . T h e s e  r e s u l t s  mere  o
confirmed by Y.Henderson!150).The latter found that
ether did not produce it,except in rr.re cases in which
he attributed the result to acapnia.0attell(484,504,654)
showed that in experiments on heart volume of intact
cats,ether decreased the output from the start,thus
! giving the f 11 of "blood pressure.Lar^e doses of
'adrenin intravenously counteracted the action of ether 
or an hour or more,probably from its action on the
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h e a r t ,but pituitrin had no effect.
Blood Pressure.In its pharmacological action,0HC1 
produces a fall of blood pressure mainly hy its action 
on the heart,and in a less degree due to the dil-tatior 
of the vessels of the abdomen.In ether anaesthesia the 
direct vascular action is opposed by the vasoconstrictor 
centre which is stimulated by the p*rtial asphyxia. 
L.ltimmeryf 31 )noticed that shock developed more after 
OHO 1 than after ether.In Wound Shock ca. es operated on 
under e ther, Cannon (s33,336,339,343,438,567) and Cat tell 
(484,654)found the blood pressure v/as markedly reduced.
It might fall 30-40mms.Hff.If other causal factors ••ere 
present,e.g.cold.haemorrhage,infection.adrainistr tion 
of the general anaesthetic might give a fatal result. 
Impure ether alone ,!'ann( 353,347,376 )found ,always produced
a fall of blood pressure in 1 or 3 hrs.Low ether tension
.
for many hr s. gave no lowering of blood 'pressure , but 
high tension gave a marked fallt353).With strong ether 
alone in animals.Cattel1(484,504,654)found that the 
arterial pressure dropped suddenly,then recovered 
gradually.But in - shocked animals there was no recovery 
and the blood pressure fell to zero.Peripheral vaso­
constriction was caused by ether in intact animals 
and this compensated the decreased output of the heart 
But in shock it was absent, nd pressor effects were 
diminished or absent.This fall of blood pressure under 
ether might be due to depression of the vasoconstrictor 
centre,or to an already existing maximal tone of the 
centre,so that there could be no co 'pensation.Webster 
(139)found that in light ether anaesthesia,incision
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o f  t h e  a b d o m i n a l  w a l l  m i g h t  p r o d u c e  a  f a l l  o f  b l o o d  
p r e s s u r e , h u t  H i o h ( 5 8 8 ) f o u n d  t h a t  p r e l i m i n a r y  l i g h t  
e t h e r  had a s t r i k i n g  p r o t e c t i v e  e f f e c t  a g a i n s t  t r a u ­
m a t i c  s h o c k , h u t  o nce  t h e  b l o o d  p r e s s u r e  f e l l  e t h e r  
h a s t e n e d  s h o c k . A n i m a l s  k e p t  u n d e r  f o r  one h o u r  b e f o r e  
t h e  -bdomen w a s  o p en ed  ’ e r e  v e r y  r e s i s t a n t  t o  s h o c k  
f r o m  i n t e s t i n a l  m a n i p u l a t i o n . I f  m a n i p u l a t i o n  w ere  
b eg u n  i m m e d i a t e l y  a f t e r  a n a e s t h e s i a , s h o c k  d e v e l o p e d  
s o o h . N i t r o u s  O x i d e , o n  t h e  o t h e r  h a n d , h a d  no e f f e c t  on 
the  b l o o d  p r e s s u r e , K e r a p ( 8 ) f o u n d . u n l e s s  a s p h y x i a  r e r e  
p r e s e n t . A n d  t h i s  r e s u l t  w as  c o n f i r m e d  b y  M a r s h a l  1 ( 2 4 4 )
i n  wound s h o c k  c a s e s  o p e r a t e d  on u n d e r  NOy and C L ,a n d¿ 2
b y  0 a t t e l l ( 4 8 4 , 5 0 4 , 6 5 4 )  ,a n d  by T r e v ; ( 6 5 l ) .
The b l o o d  v o l u m e . I n  hound S h o c k  c a s e s  u n d e r  e t h e r ,
B a s s e t t ( ¿ 8 9 ) f o u n d  t h a t  t h e  h a e m o g l o b i n  r e a d i n g s  
i n d i c a t e d  a d i l u t i o n  o f  t h e  b l o o d . f o l l o w e d  b y  a  c o n ­
c e n t r a t i o n  , and B a l e ’ s w o r k ( 4 0 2 , 4 0 3 ) i n d i c a t e d  t h a t  t h e  
c a p i l l a r y  w a l l s  b e c a m e  more p e r m e a b l e  and s o  t h e  b l o o d  
v o l u m e , a s  f o u n d  b y  K e i t h ( 4 0 3 ) . b e c a m e  r e d u c e d . T h e s e  
c h a n g e s  d i d  n o t  t a k e  p l a c e  u n d e r  IT0 ^ and O ^ . o r  o n l y  s l i g h t l y ,  
i n c l u d i n g  r e d u c t i o n  i n  b l o o d  c a t a l a s e . a c c o r d i n g  t o  
T r e w ( 6 5 1 ) .
T a l l  o f  b l o o d  a l k a l i  o c c u r s  d u r i n g  a n a e s t h e s i a ,
I n c r e a s e  o f  H - i o n  c o n c e n t r a t i o n  w as  f o u n d  b y  O r i l e  and
H e n t e n ( 1 9 4 , 5 2 o ) in  n o r m a l  men and a n i m a l s  w i t h  a l l  t h e
i n h a l a t i o n  a n a e s t h e t i c s , e t h e r , C H C 1  , and NO . b o t h  d u r i n g
3 2
and f o r  a b o u t  an h o u r  a f t e r . C h a n g e s  i n d i c a t i n g  t h i s  
c o n d i t i o n  a p p e a r e d  b o t h  in  t h e  b l o o d  and u r i n e . A u s t i n  
and JonfiLs( 2 6 2 )  f o u n d  a r e d u c t i o n  o f  2 -2 0  v o l s . $  a f t e r  
e t h e r  a n a e s t h e s i a  p r o p o r t i o n a l  t o  t h e  d u r e t i o n . l t  was
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maximal at the close,and remained for about 5 brs..In 
average operation oases,Caldwell and Oleve^andf274) 
found the degree of fall in blood alkali was negligible , 
nor did it vary much with the different anaesthetics, 
and so had no bearing on the choice of anaesthetic .ITo 
signs after operation were due to it.In etherised animals
Y . H e n d e r s o n . P r i n c e , and H a g g a r d ( £ 5 4 ) f o u n d  t h a t  f a l l  in
• f i r  s /
alkali reserve was at sharp then gradual.During the 
first hour of ether,hyperpnoea was present and fall 
of CO content of arterial blood,00.̂ capacity of blood, 
and CO content of alveolar air took place sharply,
Cj
then more gradual1y.After the production of shock
by manipulation of the intestines,little difference was
observed.The ether hyperpnoea was regarded as primary,
the fall of CO combining power of the blood secondary,
i.e.the loss of CO^controlled the alkali.The acapnial
process was thus the converse of acidosis.Henderson
and Haggard(361)concluded t'at under ether the CO
capacity of the blood(alkali reserve)followed and was
controlled by the C0.-,content,and the CO content in turn
c 2
was dependent on the alveolar CO..,which was deterr.ined
¿a
by the breathing.Ether hyperproeo gave a very great 
reduction,but if there v/ere no increase in respiration 
only a slight reductionlIf light ether combined with 
administration of CO^maintained the alveolar air at 
normal level.no reduction occurred.Raymond(493)found 
the fall in alkali reserve in dô -s under ether occurred 
gradually as etherisation was nrolonged ,and a^ter 4 hrs. 
a rapid decline set in.It ranged from an average of 43 
vois.$ to an average of 34 vols.^,^-2 hrs.later .fell
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to 28 vols.»$,and after 2-4 hrs.to 26 vols.^t.Grile (655) 
found a fall from 46-32 $ in dops under ether.Jteimann 
(4 6 5 )obtained a fall of blood alkali after ether,CHC1 .
O
NĈ .and stovaine, only in 15-20 of oases.
at ill more does this change occur if traumatic shock
be present.In operations on Y'ound ¡Shock cases under
ether,Gannon(223,339)found a marked decrease,even if
of short duration.The fall was preater the less the
rnarpin of safety in the individual, and in severe cases
an ominous fall occurred.lt was err eater under ether
than under ITÔ and Og.
The Red Corouscles probably tend to be dissolved
by (JHCl„and ether.according* to Gus' ny( 174).In the
blood CHC1 is carried by the red cells for the most 
3
part and in the lecithin and cholesterin ,and "Ruckmaster 
and Gardner(41)showed that the GHG1 „content of theo
blood rose very Rapidly to a maximum,and rnipht paralyse 
the respiratory c e n t r e .Subsequent!y a rapid fall took 
place,followed by a rapid rise to a maximum which was 
maintained.The rate of elimination was much less 
rapid than the intake.They also showed(85)that the chief 
respiratory danper was due to a direct interference with 
the oxygen-carrying* function of the red cells.The dark 
colour of the blood was due to a diminution in the 
reduction of oxyhaemofflobin and HO.t to a diminished 
ventilation.because the rate and depth of the 
respirations were not diminished.In Uitrous Oxide 
anaesthesia.no spectroscouic chanpe was produced in 
the blood,Kerop(8)found.Leucocytosis occurs after ether! 
but not after CPCl^,accordinp to Gulland and- Goodall(117)
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The Respiration under UO^and 0^,Trew(651)found,was 
stimulated to 30 per min.,then depressed.
Y.Henderson(91,92,95)concluded the painful afferent 
stimuli and light anaesthesia grave hyperpnoea,acapnia, 
and nerhaps fatal apnoea vera,uxM ess CCgWere administered. 
Morphin and full anaesthesia by diminishing nain 
hyperpnoea prevented acaonia and shock.Aphoea,he(92) 
pointed out,depended on the relation between the 
threshold of the centre for CO^and the CO^content of 
the blood and tissues.The sensitiveness of the centre 
to CO was diminished by deep anaesthesia and by morphin, 
i.e.the threshold was raised.Light anaesthesia,on the 
other hand.prevented apnoea.
Mann (253,347,376)suggested that reflex inhibition 
of respiration might play a part under deep ether.Fe 
showed that sudden death,which might be attributed to 
shock,mierht be produced under deep ether.
i
The CO in the arterial blood,Kemp(8)found,wasCt
greatly diminished in TTitrous Oxide anaesthesia.
The Adrenals were probably first excited,and later 
depressed by the anaesthesia.Elliot(105)shoved that, 
under anaesthesia by ether,CHC1,and urethane,losstJ
of adrenin content of the glands resulted.
Does General Anaesthesia Cause Operative Shock?
In brief,general anaesthesia depresses the circulation 
respiration and muscle-tone centres,and consequently 
decreases tissue oxidation.The hyperpnoea and asphyxia! 
associated with its administration are also important, 
especially if the blood be not returning completely 
to the Right heart.
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In t h e  f i r s t  p l a c e , c e r t a i n  f a l l a c i e s , a s  Ira n n ( 2 5 3 )  
p o i n t e d  o u t , m u s t  he c ons  i d e r e d . O t h e r  f a c t o r s  t h a t  m ay  
p r o d u c e  s ig -n s  o f  s h o d :  r e q u i r e  t o  he e x c l u d e d ( s e e  
C a u s a l  Factors). H a e m o r r h a g e  may he p r e s e n t , t h e  p a t i e n t  
may r e a c t  t o  i t  r e a d i l y , a n d  t h e  a m o u n t  i s  u n c e r t a i n .  
Trauma o f  v i s c e r a  may p r o d u c e  l o s s  c i r c u l a t i n g *  h l o o d  
in  t h e  t r a u m a t i s  d a r e a s , m a i n l y  f r o m  t h e  l o c a l  
p r e i p h e r a l  m e c h a n i s m . E x c e s s i v e  n e r v e  s t i m u l a t i o n , a s  
a s h o c k - p r o d u c i n r  f a c t o r  i s  s t i l l  suh j u d i c e . P u l m o n a r y  
f a t  e m b o l i s m  i n  f r a c t u r e s  and in  o p e r a t i o n s  i n v o l v i n g *  
traum a t o  much f a t  i s  a p o s s i b l e  f a c t o r .
( 1 ) . G e n e r a l  a n a e s t h e s i a  a l o n e  may c a u s e  a  s h o c k - l i k e  
cond i t i o n  , a n d  i t  may he d i f f i c u l t  t o  judere a f t e r  a  
l o n e  o p e r a t i o n  how much t h e  e f f e c t s  a r e  due t o  t h e  
o p e r a t i v e  tra u m a  and how much t o  t h e  a n a e s t h e s i a . T h e  
e f f e c t s  u n d e r  I T i t r o u s  O x id e  and Oxygen a r e  much l e s s
in  g e n e r a l  t h a n  t h o s e  u n d e r  Either and C h i o r o f o r m . T h e  
f o r m e r  h a s  l i t t l e  d e p r e s s a n t  e f f e c t  on t h e  c i r c u l a t i o n .  
The f a l l  o f  "b lood p r e s s u r e  u n d e r  o t h e r , d u e  p a r t l y  
t o  a c t i o n  on t h e  h e a r t , p a r t l y  t o  d e p r e s s i o n  o f  t h e  
v a s o c o n s t r i c t o r  c e n t r e  i s  more e a s i l y  r e c o v e r a b l e  f r o m  
than  when t r a u n a t i c  s h o c k  i s  a l s o  p r e s e n t . T h e  com­
p e n s a t i n g  a c t i o n  o f  t h e  7 . C . c e n t r e  i s  s t i l l  p r e s e n t  and  
e f f e c t i v e , w h e r e a s  in  s h o c k , t h e  m e c h a n i s m , w h i c h  h a s  b e e n  
a c t i n g :  a t  t h e  m a x im u m ,b e c o m e s  more s e v e r e l y  damaged  
se c o n d -  r i l y  b y  t h e  f a i l i n g *  c i r c u l a t i o n .
( 2 ) . C e n e r a l  a n a e s t h e s i a  in t h e  p r e s e n c e  o f  s h o o k , i t  
i s  w e l l  k n o w n , a g g r a v a t e s  s h o c k . I T i t r o u s  O x i d »3 and 
Oxyeren » h o w e v e r , i s  much t h e  l e a s t  i n j u r i o u s  o f  a l l  t h e  
a n a e s t h e t i c s . W i t h  E t h e r  and C h l o r o f o r m , t h e  p r o i ? " e s s i v e
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f a l l  o f  f l o o d  P r e s s u r e  i n  p a r t i c u l a r  i s  a g g r a v a t e d , a s  
t h e  v a s o c o n s t r i c t o r  c e n t r e  i s  u r o b a b l y  s t i l l  f u r t h e r  
damagred and u n a b l e  t o  c o m p e n s a t e . T h e  o x y p en  s u p p l y  
t o  t h e  t i s s u e s  i s  s t i l l  f u r t h e r  l e s s e n e d  f r o m  t h e  
i n c r e a s i n g *  f a i l u r e  o f  t h e  c i r c u l a t i o n . I n  a d d i t i o n ,  
the  r e s i s t a n c e  t o  t o x a e m i a  f r o m  t h e  i n j u r e d  t i s s u e s  
i s  p r o b a b l y  d e p r e s s e d , a s  b a l e  ( 4 7 7  ) s u o - v e s t e d  , more u n d e r  
C h l o r o f o r m  and E t h e r  t h a n  u n d e r  I T i t r o u s  O x i d e  and 
O x y g e n .
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SECTION V. DIEITCOTTIAL DIAGNOSIS.
The diagnosis of Traumatic Shock is usually easy.If 
pure and uncomplioated,and observed within ¿4 hrs.of 
injury,Wound ’Shock presented a picture the signs of 
which were pathognomonic.(1).Sometimes,however,where 
several causal factors were present.it might be 
difficult to judge hov much of the effects were due 
to each separate factor.In other cases the condition 
might not really be due to the trauma,and therefore 
not be Wound Shock,but be due entirely to other 
factors.Similarly with shock due to accidental injuries 
nd with Operative Shock. (2).Other forms of Shock 
besides Traumatic Shock might chosely resemble it.(3).f 
Other conditions that were not shock night resemble it.
(1) .CAUSAL FACTORS OP TEAUUATTC SPOCi:.
Each of the possible causal factors(see SECTI07T 17.) 
present in each individual case must be allowed for.
EAEMORRHAOE.---------------
In exceptional cases it is practically impossible to 
distinguish between haemorrhage and shock.The difference 
seem to depend more on the sequence than on the nature 
of the processes.Haemorrhage.however,is now regarded 
more as a form of asphyxia,the essential element being 
a loss of cor'mscles,not of plasma.(See Crile(81)and 
Ce sell (450)).
A consideration of the uISTORY might suffice to 
exclude or suggest haemorrhage.Care and patience may 
be needed,as Bernheim(£76)pointed out,to obtain an
accurate history.
The Oh I IT 10 Ah 31 PITS though similar generally differ 
in several respects.The haemorrhage itself is usually 
evident.A preliminary stave of excitement occurs in 
haemorrhage.The patient is usually anxious and restless 
whereas in shock he is inclined to he apathetic and 
listless(See Orile(81)).Bxtreme pallor occurs in 
haem orrhage,cyanosis in shock.Bernheim(276)described 
the facies as "cadaverously cyanotic"in haemorrhage.
The breathing is ra'id and shallow and TTair-hunper”may 
he present.
The PULSB is always increased in rate.Orile(81)and 
Polak(391)emphasised.It is mall r:nd reak and slightly 
irregular.
BLOOD PESSoUHB.Owing to the more rapid loss of blood 
the B.P.falls from the first .though'^compensatory 
vasoconstriction takes place in the empty vessels. 
IvTaloolm( 579,582) suggested that this contraction of the 
vessels was passive in haemorrhage.active in shock.
A fall ing diastolic arterial pressure.according to 
Wivgers( 336),is su~gestive of haemorrhage.Diminishing 
pulse-pressure was emphasised by Polak(391).This sign 
and increasing leucocytosis might be present.while the 
red-count and haemoglobin j  shoved little change.A low 
venous pressure also,as Wiggers( 336)observed,comes on 
early.It may be measured by von KecklinPhausen1s method 
with onp hand placed on the patient's thigh,the other 
on the bed,if the latter remain empty,the pressure is 
low,The falling diastolic arterial pressure,the early 
low venous pressure,and the fall in the red-count and
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haemoglobin ^,L'iggers( 336) suggested ,were the differential
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factors.
REDUCE!) BLOOD TOLUT'E.The loss of blood volume in 
haemorrhage is rapidly followed by regeneration.Lymph 
passes raoidly from the tissues into the empty vessels 
and the blood is diluted.possibly becaus^Ueithi410) 
suggested,the pressure in the tissues is higher than 
in the vessels,thOTigh Leonard Hill( 6l)denied that this 
was so.The rate of recovery of blood volume,Leith 
found.was much more rapid than in shock.The mechanism 
for controlling the blood volume is thus able to com­
pénsete partially in haemorrhage,but in Traumatic Shock 
it is greatly impaired.Robertson and Bock(<291)found 
that the reduced blood volume might be largely counter­
acted by giving a large fluid intake.Red counts show 
a decreased number of reds;in shock an increased number. 
The Haemoglobin j  is low;in shock,high.Compared with 
the red count,the haemoglobin j  readings are relatively 
low,and the colour index is .therefore below unity.In 
shock,the colour index equals l.In moderate haemorrhage 
and shock the colour ini ex may be equal to •65-*7.A 
low haemoglobin j  reading,therefore,suggests haemorrhage 
in shock cases.Bainbridge and Bullení239)pointed out 
that in shock-haemorrhage the TPo.fo is the resultant 
of two different processes.Shock tended to concentrate 
the blood.haemorrhage to dilute it.If low.it indicated 
that the increase in blood volume was taking place 
at the expense of the tissue fluids and the patient 
might recover.If approximately normal,the physiolovica 
re ction to loss of blood was being counteracted 
by the tendency of shock to concentrate the blood,and
the patient might die.Single blood examinations were, 
according to Bernheirnf 276) , of little use .because , the 
vascular system was compensating.Sometimes.however,a 
definite drop might be shown by one examination.A 
series of readings was of morevalue.During regeneration 
and recovery,the red-count rose and microcytes appeared 
in the circulation.leucocytosis was observed by Grile 
(82)in 1909 and this was confirmed by various observers 
including Harrison(348)and Polak(391).Increase of blood 
platelets also occurred.according to Gulland and Ooodall 
(115).The coagulation time of the blood is diminished, 
i.e.the coagulation power is increased, s the blood 
is lost .according :to 0rile(77)and Gull and end Goodall 
(115).In shock no change occurred according to Grile 
(80).Restoration of blood volume by saline was useful 
in haemorrhage ,but useless in shock.
CAPILLARY STASIS.is not present in haemorrhage r-s 
it is in traumatic shock.The capillary red count was 
relatively nmch lower than that of shook alone,the 
venous red count considerably 1ower.On the contrary, 
constriction of the small venules and capillaries was 
seen microscopically by Feek and Eyster( 541).This was 
porbably an.effort to keen up an effective circulation. 
The decreased viscosity of the blood,Oesell(368) 
suggested.tended to counteract the circulatory failure, 
whereas in shoe . the increased viscosity augmented it, 
THE REAP TIP!! 0? THE BLOOD is not changed so much as 
in traumatic shock.according to Grile(657)
THE BASAL ?TETABOLISF.Aub( 497 )found ,d id not show any 
constant changes in haemorrhage as it did in shock.
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TCXAEI.̂ IA.
tAcute streptococcal infection after operations may 
seem identical with shock,as 3ernheim(276)described. 
Toxaemia from pas panprene or acute streptococcal 
infection often closely resembled Delayed found Shock.
It was distinpuished,however,by the local condition of 
the wound,and its time of onset, vi^nd . to 4th.day. 
Sometimes,however,sipns of mas pnnffrene were present 
within 12hrs.(See Quenu (397),and Ouyot and JeanneneyV
(569)).A rise of "blood pressure sometimes indicated 
the onset,as observed by Drummond and Taylor(290),but 
was associated with increasing oulse rate and 
deterioration in peneral condition.Toxaemia from 
intestinal paralysis and absorption of toxins after 
abdominal ooerations mipht simulate Operative Shock, 
as Hendle Short(425)pointed out.
(2).PTPEP VOR^S 0^ SHOOK.
Anaphylaxis after Anti-tetanic serum in.iedtion mipht 
resemble Wound Shock, the signs of the former be ini? 
dyspnoea,fall of blood pressure,vomitinm and other 
pastro-intestinal disturbances,accompanied by collapse 
and sometimes convulsions.sipns of urticaria and oedema, 
,however, d i f f e ren t ia te d it.
( 3 )  . OTHER 001ID ITI0IT3 THAT MAY SIMUDATE SHOCK.  --------
SYNCOPE.
C a s e s  o f  f a i l u r e  o f  h e o r t  c o m p e n s a t i o n  i d e n t i c a l  i n  
s i p n s  w i t h  s h o c k  were  d e s c r i b e d  b y  B e r n h e i m (  2 7 - 6 ) .
S y n c o p e » h o w e v e r » r e s u l t s  f r o m  m e n t a l  e f f e c t s  more o f t e n  
than  s h o c k , a n d  i s  s u p p o s e d  t o  be c a u s e d  b y  a  s u d d e n  
a n a e m i a  o f  t h e  b r a i n  due t o  w e a k e n i n g  o r  a r r e s t  o f
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t h e  h e a r t ’ s a c t i o n . I t  i s  more r a p i d  i n  t h e  o n s e t  and 
■more t r a n s i e n t , and r e c o v e r y  i s  r a p i d . A n  a l l - p o w e r f u l  
s t i m u l u s  i s  s u p p o s e d  t o  n e u t r a l i s e  a l l  o t h e r  a f f e r e n t  
s t i m u l i , a n d  c a u s e  s u d d e n  r e l a x a t i o n  o f  v a s c u l a r  and 
m u s c u l a r  t o n e . w i t h  c o n s e q u e n t  d e f e c t i v e  r e t u r n  o f  
v e n o u s  b l o o d  t o  t h e  R i g h t  H e a r t  and c e r e b f a l  a n a e m i a  
( S e e  L . H i l l ( 6 3 ) ,a n d  0 u t h r i e ( 3 4 9 ) ) . A c c o r d i n g  t o  
H e n d e r s o n f 3 7 3 ) , i n  s y n c o p e  t h e r e  i s  d i l a t a t i o n  o f  t h e  
a r t e r i e s  and d e c r e a s e d  p e r i p h e r a l  r e s i s t a n c e , b u t  in  
s h o c k  a d e c r e a s e d  v e n o u s  r e t u r n .
COLLAPSE.
C o l l a p s e  a p p e a r s  t o  be i d e n t i c a l  w i t h  S e c o n d a r y  
S h o c k , i n  some o a s e s . T h e  c a u s a l  c o n d i t i o n s , h o w e v e r , 
m i g h t  be  d i f f e r e n t . Trauma n e e d  n o t  be p r e s e n t , a n d  in  
th e  c a s e  o f  A s i a t i c  C h o l e r a  l o s s  o f  f l u i d s  i s  t h e  
e s s e n t i a l  c a u s a l  f a c t o r , a n d  f l u i d  e s c a p e s  f r o m  t h e  
b l o o d  i n t o  t h e  t i s s u e s . S e v e r e d i a r r h o e a  and v o m i t i n g  
may be p r e s e n t . T h e  f e a t u r e s  a r e  s h r u n k e n . T h e  n e r v o u s  
s y s t e m  i s  n o t  p r i m a r i l y  a f f e c t e d . T h e  b l o o d  m a y b e  
v e r y  c o n c e n t r a t e d  and v i s c i d , e v e n  l i k e  t a r . T h e  o r g a n s  
a r e  to u g h  and l e a t h e r y  and o f  h i g h  S p e c i f i c  g r a v i t y .  
U n l i k e  s h o c k , t r e a t m e n t  b y  s t i m u l a n t s  may be  s u c c e s s f u l .  
C o w e l l ( 4 1 6 ) s u g g e s t e d  t h a t  c o l l a p s e  o n l y  d i f f e r e d  ^rom  
s h o c k  in t i m e  r e l a t i o n s ' i p , b e i n g  more i n s i d i o u s  and  
s l o w e r , i n  i t s  d e v e l o p m e n t .
OTHER COUP IT I  PITS.
C o m m o ti o n a l  Shock  o r  t r u e  t’ S h e l l  S h o c k " i s  a  c o n ­
d i t i o n  q u i t e  d i f f e r e n t  f r o m  T r a u m a t i c  S h o c k . I t  i s  
p r o b a b l y  due t o  s ud d en  c o m p r e s s i o n  and d e c o m p r e s s i o n  
o f  a i r  f r o m  a  v i o l e n t  e x p l o s i o n . S o m e t i m e s  a c t u a l
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c o n c u s s i o n . f r o m  v i o l e n t  c o n t a c t  w i t h  s o l i d  m a t e r i a l s  
s u c h  a s  s a n d b a g s ,  m i g h t  p l a y  a p a r t , a c c o r d  ini? t o  M o t t  
( 4 3 1 , 4 3 4 ) . M o t t ( 4 3 0 ) a l s o  th o u g h t  t h a t  c a r b o n  m o n o x i d e  
p o i s o n i n ' ?  f r o m  t h e  p a s  g e n e r a t e d  b y  t h e  e x p l o s i o n  was  
more common t h a n  was g e n e r a l l y  s u n p o s e d . C o n s e q u e n t  on 
t h i s  v i b r a t i o n  o f  t h e  a i r , w e r e  f o u n d  o r p a n i c  o h a n p e s  
in  t h e  b r a i n  and s p i n a l  c o r d . A  l o w  b l ’oa p r e s s u r e ,  
h o w e v e r . m i g h t  be fo u n d  a c c o r d i n g  t o  P o r t e r ( 2 1 0 ) i n  
c a s e s  o f  " S h e l l  S h o c k "  w i t h  p a r a l y s i s . C o n c u s s i o n  o f  
t h e  b r a i n  f r o m  head  i n  j u r i e s , s p i n a l  c o r d  i n j u r i e s ,  
e . g . f r a c t u r e - d i s l o c a t i o n  o f  t h e  s p i n e  w i t h  c r u s h i n p  
o f  the  s p i n a l  c o r d , w h i c h  r e s e m b l e s  " s p i n a l  s h o c k "  
e x p e r i m e n t a l l y  p r o d u c e d  i n  a n i m a l s  b y  t r a n s e c t i o n  o f  
th e  s p i n a l  c o r d , a s  P i k e ( 1 S 1 ) p o i n t e d  o u t , c r u s h i n p  o f  
t h e  t h o r a x  o r  abdomen w i t h o u t  s i g n i f i c a n t  i n t e r n a l  
in  j u r y , e t c ‘ . a l l  d i f f e r  c o n s i d e r a b l y  f r o m  t r a u m a t i c  
s h o c k . C e r e b r a l  H a e m o r r h a p e . T h r o m b o s i s , and E m b o l i s m ,  
D e l i r i u m  T r e m e n s , a n d  C h l o r o f o r m  A s p h y x i a , map s o m e t i m e s  
r e s e m b l e  s h o c k , b u t  i n  m o s t  c a s e s  a r e  w i d e l y  d i f f e r e n t .  
In o p e r a t i o n s , C h l o r o f o r m  A s p h y x i a  co m es  on s u d d e n l y ,  
O p e r a t i v e  S h o c k  p r a d u a l l y . T h e  s i .p n s  a r e  s i m i l a r , b u t  
t h e  e f f e c t  o f  t r e a t m e n t , e . g . l o w e r i n g  t h e  h e a d , e t c .  
q u i c k l y  d i f f e r e n t i a t e s  t h e m .
P a t  E m b o l i s m  came on l a t e r  t h a n  I m m e d i a t e  S h o c k . T h e  
d y s p n o e a  was g r e a t e r , a n d  m i g h t  be a c c o m p a n i e d  b y  b l o o d y  
fo a m  f r o m  the  m outh  o r  h a e m o p t y s i s ; r a l e s  in  t h e  c h e s t ;  
o i l  g l o b u l e s  m i g h t  he p r e s e n t  i n  t h e  u r i n e ; a n d  t h e  
t e m p e r a t u r e , t h o u g h  g e n e r a l l y  l o w , o f t e n  f l u c t u a t e d .
The p r e s s u r e  in  the  p u l m o n a r y  a r t e r y  and r i g h t  
v e n t r i c l e  was r a t h e r  h i g h , b u t  i n  s h o c k , a c c o r d i n g  t o
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W i p e r s ( 3 3 6 )  , i t  was  l o w . M e l t z e r (  3 6 ) p o i n t e d  o u t  t h a t
. ''
von Recklinghausen ' s  test for venous pressxire "helped 
to differentiate t h e m .
'TS p i n a l  S h o c k ” r e s e m b l e s  T r a u m a t i c  S h o c k  i n  t h e  
p a r t i c u l a r  o f  l o s s  o f  m u s c le  t o n e . T h e  c e r e b r a l  a n a e m i a  
f r o m  t h e  l o w e r e d  b l o o d  p r e s s u r e  due t o  f f p c t i o n  o f  t h e  
u p p e r  t h o r a c i c  s p i n a l  c o r d , m o r e o v e r  . m i g h t  damage t h e
!
b r a i n  f u n c t i o n s , a c c o r d i n g  t o  P i k e  and Ooombs( £ 5 1 ) . In  
many r e s p e c t s , o n  t h e  o t h e r  h a n d , t h e y  a r e  d i f f e r e n t .  
T h e i r  c a u s e s  a r e  d i f f e r e n t  , ,TS p i n a l  S h o o k ” b e i n g  due t o  
e x p e r i m e n t a l  s e c t i o n  o f  the  l o w e r  c e r v i c a l  s p i n a l  c o r d ,  
tho ug h  s i m i l a r  phenomena may a l s o  b e  p r o d u c e d . w i t h o u t  
s e c t i o n  o f  t h e  s p i n a l  c o r d , b y  e x p e r i m e n t a l  c e r e b r a l  
a n a e m i a , a s  P i k e  and h i s  c o w o r k e r s  h a v e  s h o w n .T h e  
phenomena a r e  a l s o  d i f f e r e n t  i s  many w a y s . T h o s e  o f  
,T3 p i n a l  S h o c k ” i n c l u d e  d e p r e s s i o n  o f  a l l  t h e  n e r v o u s  
f u n c t i o n s  b e l o w  t h e  s e c t i o n , s e v e r e  f a l l  o f  a r t e r i a l  
p r e s s u r e , a n d  l o s s  o f  v a s o c o n s t r i c t o r  r e f l e x e s . V i g o r o u s  
a n i m a l s  u s u a l l y  r e c o v e r e d  a f t e r  a  t i m e . a c c o r d i n g  t o  
3 h e r r i n e r t o n (  4 8 1 )  ,a n d  e x h i b i t e d  r e f l e x  m o v e m e n ts  and  
p r e s s o r  s p i n a l  r e f l e x e s . H e  fo u n d  t h a t  t h e  t i m e  v a r i e d  
w i t h  the  a n i m a l , b e i n g  some h o u r s  i n  t h e  c a s e  o f  t h e  
f r o g , d a y s  t o  w e e k s  i n  t h e  d o g  and c a t , a n d  s t i l l  l o n g e r  
in  t h e  m onkey ,  i n  w h i c h , a s  in  m a n , t h e  " s h o c k ” w a s  more  
i n t e n s e  and 1 o n g - l a s t i n g . A g a i n  , t h e  s p l a n c h n i c  v e s s e l s  
were d i l a t e d  and t h e  v i s c e r a  c o n g e s t e d  , and w i t h  
e x p o s u r e  t h i s  c o n g e s t i o n  i n c r e a s e d . I f  t h e  a n a e s t h e s i a  
were w i t h d r a w n , r e s p o n s e  t o  s t i m u l a t i o n  r e t u r n e d .  
I n t r a v e n o u s  i n j e c t i o n  o f  g u r n s a l in e  , a c c o r d  in  g  t o  P a y l i s s  
( 3 3 6 ) , had o n l y  a t r a n s i t o r y  e f f e c t .
’
In Wound Shock and shock from accidental injuries, 
two types rnay he distin g-uished ,viz.I mined iate and Delayed, 
See Cowelli £24)). Surgical or Operative Shock generally 
conforms to the Delayed type.Immediate Shock,which 
was relatively rare in the Great War,appears immediately 
on receiot of a very serious in Jury. The "blood pressure 
shows a marked and progressive fall .Accordin?? to the 
severity of the condition,one of several results may 
follow,viz.(a)death in severe cases;(b)reaction with 
gradual rise of blood pressure to the ntftsmal level 
and recovery; (c)after a short interval,fall of B.P. 
as?ain and development of Delayed Shock .Del ayed Shock 
1 comes on after an interval of several hours from the 
time of receipt of a moderately severe in Jury.The 
blood pressure may at first be unaltered,or slightly 
increased with the excitement due to the injury, 
depending- on the temperament;then after an internal 
it progressively falls;or the condition may follow 
Immediate Shock after an interval.Gradual recovery or 
death may result.
British observers called these types"PrimaryITand 
''Secondary”respectively. ( 3r e CowelK ¿¿4) ) .Wrench 
observers, including1 Ir coste and Qu^nui 392)and Quenu, 
Duval,and Mocquot( 6 3 7 ,640),however,in addition to these 
types,also distinguished Secondary Shock,which was the 
result of,not only the trauma of the wound,but also
o f  s e p t i c  i n f e c t i o n , e t c . f h e y  a l s o  d e s c r i b e d  a  t y p e  
c a l l e c T ’ m i t i a g a t e d  s h o c k 1’ .
EARLY
T h e s e  a r e  v e r y  i m p o r t a n t  t o  r e c o p n i s e  q u i c k l y , i n  
o r d e r  t h a t  t h e  c o n d i t i o n  m a y b e  p r e v e n t e d  f r o m  
d e v e l o p i n g . T h e  n u l s e , f a c i e s , a n d  o t h e r  s i e m s  c o l l e c t i v e l y  
i n d i c a t e  t h e  o n s e t  o f  t h e  c o n d i t i o n . T h e  p u l s e  may show  
an i n c r e a s i n g  r a t e , p e r h a p s  o f  2 0 - 3 0  b e a t s  p e r  ra in« ,  
and t h i s  c h a n g e , i f  a s s o c i a t e d  w i t h  o t h e r  s i e n s , e . p .  
marked p a l l o r  o r . c o l d n e s s  o f  b o d y  s u r f a c e , i n d i e  t e d  the  
o n s e t  o f  s h o c j k , a c c o r d i n g  t o  K e l l y !  1 1 )  . I T a lc o l m f  5 8 2 )  
r e p e a t e d l y  e m p h a s i s e d . h o w e v e r , t h a t  a t  f i r s t  t h e  p u l s e  
d i d  n o t  i n c r e a s e  in  r a t e , a n d  raimht become l a r g e r  and 
o f  h i g h e r  t e n s i o n . T h e n  i t  migrht s l o w  in  r a t e  and d i m i n i s h  
in s i z e  and f o r c e  u n t i l  i m p e r c e p t i b l e  . w h i l e  t h e  c a r o t i d s  
p u l s a t e d  s t r o n g l y  ‘2nd t h e  h e a r t - s o u n d s  were l o u d  and 
c l e a r . T h e s e  s i e n s  i n d i c a t e d  t h a t  t h e  h e a r t  m u s c l e  was  
r e s p o n d i n g  w e l l , a n d  t h a t  t h e  a r t e r i e s  were  c o n t r a c t e d .  
T h e n , a s  s h o c k  d e v e l o p e d , t h e  p u l s e  i n c r e a s e d  in  r a t e  and 
became i m p e r c e  ) t i b l e , t h e  c a r o t i d  p u l s a t i o n  bec a m e  
s m a l l e r  and w e a k e r , a n d  t h e  a r t e r i a l  p r e s s u r e  f e l l .
The A r t e r i a l  ^ l o o d  P r e s s u r e  p r o b a b l y  ch a n m es  o n l y
a f t e r  b e l a y e d  S h o c k  h a s  e x i s t e d  fo r  some t i m e . A t  f i r s t  
i t  i s  m a i n t a i n e d  p r o b a b l y  b y  e x t r a  a c t i v i t y  o f  the
i
v a s o c o n s t r i c t o r  c e n t r e  c a n s  inf? G r e a t e r  c o n t r a c t i o n  o f  
t h e  p e r i p h e r a l  v e s s e l s . L a t e r  t h e  b l o o d  p r e s s u r e  b e g i n s  
t o  f a l l  . p r o b a b l y  a s  the e f f e c t  o f  l o s s  o f  b l o o d  voli ime  
o v e r b a l a n c e s  t h a t  due t o  t h e  v a s o c o n s t r i c t i o n  . A  low;
B . P .  b y  i t s e l f  d o e s  n o t  n e c e s s a r i l y  i n d i c a t e  s h o c k ,  
h o w e v e r . O t h e r  s i q n s  must a l s o  b e  p r e s e n t .
O (L
Other earl;/ signs may he a s s o c i a t e d  with these change 
The facies may show a marked p a l l  or, the "body surface 
may he c o l l  and c l a m m y ,with f a l l  o f  t e m p e r a t u r e  and  
profuse p e r s p i r a t i o n . I n  operations,the tissues may he 
blanched and don't bleed,or slow recovery from the 
anaesthetic may be suggestive .according to Kelly(ll)
V a r i o u s  t e s t s  b e f o r e  o p e r a t i o n  may be c a r r i e d  o u t .  
P o l a k ( 3 0 9 ) l a i d  s t r e s s  on t h e  i m p o r t a n c e  o f  t h e  p u l s e -  
p r e s s u r e  and r e n a l  f u n c t i o n  t e s t s . I f  b o t h  w ere  l o w , t h e  
l a t t e r , s a y  2 0 - 3 0 $ , i n s t e a d  o f  t h e  n o r m a l  6 0 $  p h t h a l e i n  
o u t p u t  f o r  2 h r s . , t h e  p a t i e n t  was  a " b a d  r i s k " . B u r ' i n g  
a n a e s t h e s i a , t h e  p u l s e  p r e .  s u r e  was ta k e n  a t  t h e  c l o s e ,
6 h r s . , a n d  2 4 h r s . a f t e r , a n d  i n  s h o c k  c a s e s  e v e r y  h o u r  
t i l l  r e a c t i o n  s e t  i n ; t h e  pulse r a t e  f o r  t h e  f i r s t  6 
h r s . a f t e r ; b l o o d  c o u n t  and H a e m o g l o b i n  $  e s t i m a t i o n  
were d o n e ; a n d  t h e  p h t h a l e i n  o u t p u t  e s t i m a t e d  6 h r s .  
i a f t e r .  *
Judgem ent  a s  t o  t h e  r e l a t i v e  i m p o r t a n c e  o f  t h e  
c a u s a l  f a c t o r s  i s  a l s o  r e q u i r e d , i n  o r d e r  t h a t  t h e  
a p p r o p r i a t e  t r e a t m e n t  may be  c a r r i e d  o u t . I n  O u e r a t i v e  
Shock  s u c h  f a c t o r s  a s  h a e m o r r h a g e . c r u s h i n g  o f  t i s s u e ,  
s e p t i c  i n f e c t i o n , e t c . m a y  r e q u i r e  t o  be e x c l u d e d .
SI<rITS OP rhSTABLISKHI) SHOOK.
The p a t i e n t  i s  i n  a  s t a t e  o f  " e n e r a l  p r o s t r a t i o n ,  
and s e e m s  i n d i f f e r e n t  t o  h i s  s u r r o u n d i n g s . H e  a n s w e r s  
q u e s t i o n s  c o r r e c t l y , s h o w i n g  t h a t  h i s  i n t e l l i g e n c e  i s  
u n i m p a i r e d , and c o m p l a i n s  o f  t h i r s t , a s  h i s  m ou th  i s  
p a r c h e d . V o m i t i n g  may t a k e  p l a c e  and i n c r e a s e  the  
t h i r s t . H e  f e e l s  c h i l l e d  and may s h i v e r . P a l l o r  o f  t h e  
! s k i n  and g e n e r a l  p e r s p i r a t i o n  a r e  p r e  s e n t ,  t h e  s k i n
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beinsr cold and clarnmy to palpation,and oven the breath
-
Tis cold.In the Delayed sta^e of Wound Shock,this palIo] 
was accompanied by cyanosis.particularly marked in the 
extremities and finger-nail s.The muscles are weak and 
flaccid.The sphincters are usually relaxed with in­
continence of urine and faeces,according to Howard(461), 
or retention may be present.Sensibility to pain is 
diminished.The expression is generally apathetic,perhaps 
with wrinkling of the forehead indicating anxiety; or 
it may be drawn and hazard .with sunken eyes and 
hollow; cheeks,and dilated pupils .which,how-ever,-react 
to 1 ifht.The conjunctival reflex is present.The ĥilse 
progressively increases in rate,and diminishes in 
strength,volume,and tension,until it is imperceptible.
The blood pressure progressively falls.The body temper­
ature also progressively falls to 96 deg.Fah. or lover. 
The rectal temperature .however, accord ins- to Howard 
(641),may be raised in Immediate Shock.The respiration 
is slow or rapid,and shallow,and may be irregular and 
sisrhinPuThe knee jerks are generally elicited,but may 
be absent in severe case s. The urine is reduced in amount.
Reaction may be set in in a few hours and recovery 
take place. Vomit ins: often ushers it in.He be pins to 
take notice of his surround in^s,his colour improves, 
the skin becomes warmer,the pulse stronger and fuller, 
respiration slower,more regular and deeper,and the 
temperature rises to 100 deg.F.or more.
Death,on the other hand,may supervene rapidly,or 
more nrradually.lt may take place quietly or with great 
restlessness and dyspnoea.Consciousness remains to the 
end,though anxiety may change to mental dulness and
lessened sensibility.
These ^eatures were well shown by the cases of 
Wound Shock; in the Great War.Predisposing conditions 
were present,viz.exposure to cold and wet,lack of 
water,want of sleep.mental strain,or extreme exertion, 
together with haemorrhage,pain or disturbance.Later 
gas gangrene infection might greatly aggravate the 
shock.Owing to these associated factors,the features 
due to the shock itself were act to be obscured.while 
the part played by each individual ^actor could only 
be judged with difficulty.
(See 218,286,333,334,353,430,535,224(or 340),225(or 
341),226(or 342)).
ILLUSTRA-RiyE CAST? OP IIIHDIITW SHOOK:
Oapt.C.,died of wounds,on 28th.,Sept.,1915,at the 
Battle of Loos-death from severe immediate shock in 
about \ hr.
Of sensitive temperament,he had heavy responsibility 
during the first four days of the battle,being in 
command of the battalion of 2nd,H.S.P.A.destructive 
bombardment of the captured German trench by 4*2in.and 
5*9 in.(several batteries)was in progress and was 
battering the trench in.One of these high-explosive 
shell-bursts made a "direct hit"on the trench,striking 
Uapt.G..killing two of his comnanion officers,and 
wounding a third.I saw him 10-15 mins.after receipt 
of his wounds.
He was suffering from multiple wounds of the head, 
body,and limbs,all of slight or moderate severity,none 
serious individually.no bones or internal cavities 
being implicated,and there being no great loss of blood.
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He was lying: helpless in the battered-in trench,his
uF'6
I clothes tom in pieces "by the shell fragments ,end 
soiled with the dried earth and dust from the explosion 
He was lifted into an adjacent trench-shelter,and 
cowered with some clothincr,while the severe "bombardment 
continued.
Conscious but stunned,he was too ill to speak,except 
in a forced whisper.His face was pale,with an anxious 
expression.His jaws were clenched and his teeth 
crunching together,so that an attemnt to force dovn 
some brandy was found impossible.His hands were 
clenched,and his body surface cold.
Eis respiration was pan ting-, 1 ike "air-hung^r",very 
rapid, and short,with no pause between inspiration and 
expiration,mouth open,and the accessory and extra­
ordinary muscles of respiration acting-.His pulse was 
rapid and weak,then became imperceptible.The blood 
pressure estimated by the finder w s low.He was very 
restless at first,but became quiet and rapidly weaker, 
and died in about \ hr.The outstanding- clinical sign 
seemed to be the type of respiration,so much so that 
one instinctively fanned his face.
(See APPE’ HJlX A for other selected cases.)
SECTION VII. EXFERIMEITTAL TRAUMATIC SHOOK.
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It is doubtful whether experimental traumatic shock 
is the same as the clinical condition.The former 
applies to healthy animals,the latter to human beings 
whose vitality may he more or less depressed by variou 
conditions that predispose to shock.In experiments on 
animals,it is very difficult to reproduce the 
environment that obtains in the conditions in man,and 
TTann( 347)believed that only a few of the experiments 
approached the clinical condition.
In the production of experimental traumatic shock, 
the primary causal factor may vary,and hence,as Mann 
(347)pointed out.contradictory conclusions were arrived 
at by different investigators.In every case.however, 
the cause of d'3ath was a failure of compensation of 
some sort.As in the clinical condition,so in the 
experimental, tv,'o tyoes were described by Outhrie ( £55 ). 
viz.(1)the one with immediate onset on receipt of the 
(active ao-ent; ( £) the other in which the onset occurred 
some time later.Raymond(493).taking as the basis the 
length of time of survival after the trauma, 
differentiated four types.These ranged from the more 
severe with sudden onset and death,through the usual 
| two intermediate types,to the mild with few or no 
cardinal siens of shock.
TEE STANDARD.
A standard as to what is meant by shock requires to 
(be defined in these experiments.For many of the earlie
observers,including Crile(lk)and Nurnrneryi 3 0 )  .fall of 
arterial pressure,rapid pulse,and respiration con­
stituted the index.Put it is well known now that
anaesthesia alone may cause these changes.Meltser(55)
ik»t
early emphasised„the general mental state,and the state 
of sensibility and motility,as well as the condition 
of the cardio-vasculnr and respiratory functions must 
be considered.In particular,he pointed out that low 
blood pressure was not the only,nor even an essential , 
sign.Mann(14£¿195)proposed later that the following 
signs should be present, viz.: loss of sensibility, 
pallor of mucous membranes,small weak pulse.markedly 
lowered blood pressure to | or | of its original level^ 
and irregular .rapid .shallow, or gasping respiration. At 
the same time.no haemorrhage should be allowed to occur. 
Fall of arterial pressure down to 50 mms.is.frmercury 
was chosen as the "critical level"by ?ofter(£lC), 
because .after fall ini? to this level.it was difficult 
to restore it to the normal for any time .According toI
Guthrie(£55),a reliable index was furnished by the 
occurrence of a m- rkedly prolonged inspiratory pause.
The requirement that functional changes in the Central 
Nervous System,e.g.apathy,reduced sensibility,loss of 
reflexes,etc..should be present was emphasised by 
Wiggers(37<2) .He held that traumatic shock was present 
if,after prolonged ether,the animal,in stead of recover­
ing in the usual 15 mins.,lay relaxed for hours and 
failed to respond to sensory stiraulation.Ee also found 
that a normal blood pressure might be present and yet 
the circulation might be serious,as indicated in the
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optical arterial pressure curves by decline of pressur 
in systole only,end slight or no decline in diastole, 
Cesell(450)also found it indicated by a reduced volume 
of blood flow.Nevertheless,a progressive fall of blood 
pressure to the shock level is a reliable sign.A 
progressive fall of P.P.to 50 mms.iof mercury Erlanerer 
(¿57,454)found was generally irreversible,and this is 
therefore generally taken as the shook level,but the 
other si°ms are noted.
METHODS of producing EM^EPTJIBITTAL TRAUMATIC SHOCK.
The animals, generally dorrs,are under li^ht and 
uniform ether anaesthesia.
1.Stimulation of afferent nerves.This method appears 
to be effective only sometimes in producing Traumatic 
Shook.Moreover it is rauoh more difficult to brine- on 
shock in this ay than by other more effective methods 
Most experimenters accordingly resorted to exposure or 
manipulation of abdominal viscera,amputations of limbs 
etc.In order that shock may be produced in this way,it 
appears necessary that the stimulation should be pro­
longed for many hours,but under these circumstances 
other factors enter into play.(See CHTTTRAI FFR70TJS 
SYSTEM,and Causal Factors).
¿.Exposure of the Abdominal Cavity.This method is 
one of the most effective in the production of experi­
mental traumatic shock.If sufficiently prolonged it 
always produces signs of shock*It seems to approach 
most nearly to shook in abdominal operations.Before th 
experiment the animal may be fasted for ^-18 hrs.
It is then etherised,incubated at a uniform temperature,
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jand constant surgical anaesthesia maintained.The abdomen 
is opened,and the viscera exposed and manipulated.Mann 
(447,459)found that gentle handling continued for 15 
mins..followed by replacement of viscera and closure of 
the abdomen always produced shock.Or sponging with 
dry guuse might be used.Or the animal might be changed 
from one side of the body to the other.Wiggersf336), 
after exposing the intestines .passed a stream of-warm 
moist air over them without any manipulation.After 
the blood pressure had fallen,and remained stationary 
at the shock level,generally 50 mms,after 1 or 2 hrs., 
the viscera were replaced and the abdomen closed. 
Erlan'ger( 257) found that after 2-5 hrs.the arterial 
pressure might be 50 rams.Hg.Raymond(493)used gentle 
and continuous manipulation of the intestines for 15 
mins.,follo .ed by closure of the abdomen.If the arterial 
pressure was not low red,the process was repeated after 
an interval,several times if necessary.Or traction 
was exerted on the kidney or trauma applied to the 
liver or urinary bladder.He then inflated the entire 
gut with warm moist air to a pressure above systolic 
for 10 mins.to abolish the circulation in the gut,and 
cause asphyxia of the vascular and intestinal muscle. 
Several factors may enter into the causation of shock 
produced by this method.Nerye irritation(see CENTRAL
NERVOUS SVSTEM) .circulatory ch;anges( see Circulation)■
loss of CO^fsee Respiration),etc.
3.CRU3HINU OF MUSCLE.•
This method is one of the most effective in giving 
experimental traumatic shock.Turck(445)early practised 
this method,and his results were confirmed by Bayliss
and C a n n o n ( 4 0 4 ) , ( B a y l i s s ( 2 9 5 , 3 0 6 )  ) ,  ( C a n n o n ( 3 3 8 , 3 4 1 , 3 4 2 ) ) .
The f l e x o r  m u s c l e s  o f  the  t h i g h  were traurrr - t ised  h y  
a hammer in  a n a e s t h e t i s e d  c a t s  w i t h o u t  b r e a k i n g  the  
s k i n , b u t  c a u s i n g  r u p t u r e  and b r u i s i n g  o f  the  m u s c l e s .
The ca u se  o f  the s h o c k  in  t h e s e  c a s e s  was p r o v e d  t o  be 
t o x i c  a b s o r p t i o n .  ( See BLOOD—— A b s o r p t i o n  o f  T o x i c  
S u bstance  s . ) .
4 . OTHER METHODS.
In the f o l l o w i n g  m e t h o d s , t h e  group  o f  a n t e c e d e n t  
c o n d i t i o n s  d o e s  n o t  c l o s e l y  c o r r e s p o n d  t o  t h a t  o b t a i n i n g  
in  s h o o k , t h o u g h  the r e s u l t i n g  c o n d i t i o n s  a r e  more or  
l e s s  a n a l o g o u s  t o  i t .
( a )  . INTRAVENOUS INJECT I  PIT OF H IS T A M IN E - - "H IS T A M IN E  
SHOCK”
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The t o x i c  a c t i o n  o f  H is ta m in e  was i n v e s t i g a t e d  
p a r t i c u l a r l y  b y  B a l e ( 304,402)and h i s  a s s o c i a t e s . B y  the 
i n t r a v e n o u s  i n j e c t i o n  o f  r e l a t i v e l y  l a r g e  d o s e s  in  
a n a e s t h e t i s e d  c a t s  and d o g s , " H is t a m in e  S h ock ” was p r o ­
d u c e d . T h i s  c o n d i t i o n  was c h a r a c t e r i s e d  b y  f a l l  o f  
b l o o d  p r e s s u r e . a s s o c i a t e d  w i t h , a n d  p r o b a b l y  c a u s e d  b y ,  
p a r a l y t i c  d i l a t a t i o n  o f  the  c a p i l l a r i e s , e m p t y in g  o f  
the v e i n s  and h e a r t - c h a m b e r s , a l l  l e a d i n g  t o  c i r c u l a t o r  
f a i l u r e  and a c u t e  o l i g a e m i a . T n  the  l o c a l  and g e n e r a l  
e f f e c t s . H i s t a m i n e  r e s e m b l e s  many o t h e r  s u b s t a n c e s  n o t  
r e l a t e d  t o  i t , a n d  i n c l u d i n g  v a r i o u s  b a c t e r i a l  n o i s o n s  
In the p r o d u c t i o n  o f  D e la y e d  Wound S h o c k , i n  w h i c h  a 
prom inent  f e a t u r e  was o l i g a e m i a , a b s o r p t i o n  o f  a s e p t i c  
t o x i c  p r o d u c t s  f r o m  i n j u r e d  t i s s u e s  was b e l i e v e d  t o  p i  
a p a r t ,a n d  t h e r e f o r e  the  two c o n d i t i o n s  were  su p p osed  
t o  be a n a l o g o u s . l t  w a s , m o r e o v e r , j u s t  p o s s i b l e , th ou g h  
Dale  d id  n o t  c l a im  i t , t h a t  h is ta m ine  m ight  be formed
a y
f rom  h i s t i d i n e , a n ^  a m i n o - a c i d . w h i c h  m ight  he p ro d u ce d  
in the h y d r o l y s i s  o f  p r o t e i n s  o f  l i v e r  and m u s c l e s  when 
the t i s s u e  was i n j u r e d . ( 4 0 2 , 4 0 3 ) .
The a c t i o n  o f  H is ta m in e  l o c a l l y  a p p l i e d  t o  s l i g h t l y  
s c a r i f i e d  s k in  was t o  p r o d u c e  the  phenomena o f  i n ­
f la m m a t ion  . I t  s t i m u l  ted  the  ton e  o f  t h e  p l a i n  m uscle  
th r o u g h o u t  the  b o d y . I n  p a r t i c u l a r , the  to n e  o f  th e  
a r t e r i a l  m u s c le  was i n c r e a s e d , e . g . a r t e r i e s  o f  the l u n g s  
h e a r t , e t c . S i m i l a r l y , i n t e s t i n a l  m u s c l e , g i v i n g  r a p id  
p e r i s t a l s i s . S i m i l a r l y , s p a s m  o f  t h e  b r o n c h i a l  m u s c l e .
I f , t h e r e f o r e , th e  b l o o d - v e s s e l s  v e r e  p e r f u s e d  a r t i f i c i a l  
the a r t e r i e s  c o n t r -  c t e d . On the  o t h e r  h a n d , i t  r e l a x e d  
the ton e  o f  the  c a p i l l a r i e s  t h r o u g h o u t  the  b o d y  b y  
p o i s o n i n g  t h e i r  e n d o t h e l i u m . F o r  in  c e r t a i n  a n i m a l s , e . g .  
the e a r n i v o r a , m o n k e y s . a n d  p r o b a b l y  m a n , i n t r a v e n o u s  
i n j e c t i o n s  o f  s m a l l e r  d o s e s , D a l e  and R i c h a r d s ! 304)  
f o u n d ,  gave a f a l l  o f  a r t e r i a l  p r e s s u r e  . T h i s  was d u e ,  
not  t o  any  d i m i n i s h e d  o u t p u t  o f  b l o o d  f r o m  the  h e a r t ,  
or o b s t r u c t i o n  o f  b l o o d - f l o w  t h r o i ig h  the  l i v e r , b u t  t o  
p e r i p h e r a l  v a s o d i l a t a t i o n . T h a t  the  n e rv o i i s  mechanism 
was n o t  r e s  ' o n s i b l e  was d e m o n s t r a t e d  b y  an e x p e r i m e n t  
in w h i c h , a f t e r  a l l  the n e r v e s  o f  a l im b  were  c u t  and 
a l low ed  t o  d e g e n e r a t e  c o m p l e t e l y  the  d i l a t a t i o n  ~rom 
H istam ine  was i n t e n s i f i e d j w h e r e a s , i f  the  denerv& ted  
limb \.:ere  p e r f u s e d , t h e  same v a s o c o n s t r i c t i o n  r e s i i l t e d .  
Then i f  a s u s p e n s i o n  o f  R.B.C.s o r  h i r u d i n i s e d  b l o o d  
( t o  s u p p l y  o x y g e n )a n d  e p i n e p h r i n  were b o t h  added t o  
the p e r f u s i n g  f l u i d , t h e  v a s o d i l a t a t i o n  was a n t a g o n i s e d  
and the u s u a l  v a s o c o n s t r i c t i o n  a p p e a r e d .T h e  a c t i o n  
must t h e r e f o r e  be due t o  p o i s o n i n g  o f  the  c a p i l l a r y  
e n d o t h e l i u m , a c c o r d i n g  t o  D a le  and R i c h a r d s ! 3 0 4 ) .
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With l a r g e r  d o s ^ s , l - 2  m g rm s .p er  k i l  o , in  j e c  ted  i n t r a ­
v e n o u s l y  in an-ae s t h e  t i s e f l  o a t s  . " H i s t a m i n e  Sh ockT’ was 
p r o d u c e d .  ( See D a le  .L a id  lav.', and R i c h a r d s ( 4 0 2 )  .D a le  ( 8 6 ,  , 
99, 3 0 6 ) . The a r t e r i a l  p r e s s u r e  sh oved  t h r e e  u k a s e s : ( l )  
f a l l  t o  5 0 - 6 0  m m s . E g . . a s s o c i a t e d  w i t h  c o n s t r i c t i o n  o f  
the p u lm o n a ry  a r t e r i e s  and o v e r - d i l a t a t i o n  o f  the  R ig h t  
h e a r t ,a n d  l a s t i n g  a few  s e c s ; ( 2 ) a r r e s t  o f  t h e  f a l l  o r  
r i s e  t o  the o r i g i n a l  l e v e l , w i t h  c o n s t r i c t i o n  o f  the  
s y s t e m ic  a r t e r i e s , o f  30 s ^ c s . d u r a t i o n ; ( 3 ) s t e a d y  f a l l  t o  
3 0 -5 0  m m s.E g . in  4 - 1 0  m i n s . , w i t h  ra w id  d e c l i n e  in  the 
ou tp u t  f r o m  the  h e ° r t . A  s l o w  i n f u s i o n  gave a prom pt 
f a l l , t h e n  s t e a d y  d e c l i n e , w i t h  no r e o a v - r y . O n  i n s p e c t i o n ,  
the h e a r t  and a r t e r i e s  were a lm o s t  e m p t y , t h e  g r e a t  
v e i n s  o n l y  p a r t l y  f i l l e d , a n d  the p o r t a l  v e i n  f l a t . T h e  
l i v e r  and s p le e n  were w a l e , h u t  t r a n s p a r e n t  t i s s u e s  
l i k e  the b o w e l s  showed the  d u sk y  f l u s h  o f  c a p i l l a r y  
c o n g e s t i o n , and n e t w o r k s  o f  v e n u l e s  f i l l e d  w i t h  d ark  
b l o o d .T h e  c a p i l l a r i e s  t h r o u g h o u t  the  b o d y  were f u l l y  
d i l a t e d . h a v i n g  l o s t  t h e i r  norm al  t o n e , s © t t h a t  th e  b l o o d
p e r c o l a t e d  i n t o  t h e i r  n e t w o r k  o f  c h a n n e l s  a s  i n t o  a
TicM
s p o n g e j t h e s e  v e s s e l s  hud been shown t o  be a b l e  t o . 750 
t im es  t h e i r  norm al  amount o f  b l o o d . C o n s e q u e n t  on and 
a s s o c i a t e d  w i t h  t h i s  d i l a t a t i o n , the  b l o o d - f l o w  was 
g r e a t l y  r e t a r d e d  and the b l o o d  volume in  a c t i v e  c i r -  
o u l a t i o n  g r e a t l y  r e d u c e d , d u e  t o  l o s s  o f  norm al  tone  
in the  c a p i l l a r i e s  and i n c r e a s e d  p e r m e a b i l i t y  o f  t h e i r  
e n d o t h e l i a l  \ a l l  § p e r m i t t i n g  l e a k a g e  o f  p lasm a out  i n t o  
the t i s s u e s . 50$  o f  the  p lasm a m ight  be l o s t  in a few 
mins. , g i v i n g -  o l i g a e m i a , and c o n c e n t r a t i o n  o f  the  b l o o d ,  
the re d  c e l l s  and Ho. b e i n g  m a r k e d ly  r a i s e d , e v e n  50 fo 
¡a b ov e  th e  i n i t i a l  v a l u e s . I m b i b i t i o n  in  a l l  the  c e l l s
o f  the b o d y  was i n c r e a s e d  a t  the  same t i m e .A s  the  b l o c  
was n o t  r e t u r n i n ' ?  in  s u f f i c i e n t  amount t o  the  h e a r t  
t o  f i l l  i t  in  d i a s t o l e , t h e  c i r c u l a t i o n  f a i l e d . I n  t h i s  
c o n d i t i o n , H o o k e r ( 4 9 5 ) and a l s o  H i c h ( 5 5 1 ) showed b y  
d i r e c t  m i c r o s c o p i c a l  e x a m in a t i o n  t h a t  a l a r ? e  number 
o f  the  c a p i l l a r i e s  opened u p .
H e a l t h y  u n a n a e s t h e t i s e d  c a t s  .D a le  ( 4 7 17) found  . c o u l d
d e a l  w i t h  c o n s i d e r a b l e  a m o u n ts ,u p  t o  10 mmrms.per k i l o .
H aem orrhage and a n a e s t h e s i a  w i t h  e t h e r  and CHC1„, and
o
removal  o f  the  a d r e n a l s  a f t e r  one d a y ,  e n o r m o u s ly  l o w e r e d  
the r e s i s t a n c e , as  in  H e la y e d  Wound S h ock .T h e  a c t i o n  
o f  the  a n a e s t h e t i c  p e r s i s t e d  a f t e r  most  o f  i t  was 
e l i m i n a t e d ^ . ? , a f t e r  - ¿ h r . ,  and was p r o b a b l y  due t o  some 
l a s t i n ?  d e p r e s s i o n  on the mechanism o f  r e s i s t a n c e  t o  
H i s t a m i n e . H i t r o u s  0 : id e  .h o w e v e r  .had v e r y  l i t t l e  such  
e f f e c t .
G u m -sa l in e  , B a y l i s s ( 3 3 0 ) fou n d  .m ig h t  r e s t o r e  the 
b l o o d  p r e s s u r e  c o m p l e t e l y . B y  t h u s  r a i s i n ?  the B . ? .  
and r e s t o r i n g  the  b l o o d  v o l u m e . i t  p r o b a b l y  a l l o w e d  
e l i m i n a t i o n  o f  the  t o x i c  s u b s t a n c e .
( b ) . 00 C LUST PIT 0  ̂ L̂PPD VHSriHLo .
By t h i s  method the  c i r c u l a t i o n  i s  c u t  o f f  f r o m  a 
l a r ? e  p a r t  o f  t h e  b o d y  f o r  some t i m e . Tem porary  
c la m p in g  o f  th e  I n f e r i o r  Yena G a v a . T h o r a c i c  o r  Abdom inal  
A o r ta  p rod u ced  t y p i c a l  s i v n s  o f  s h o c k .
Janeway and J a c k s o n ( 1 9 1 ) in  1915 c lamped the  I n f e r i o r  
Vena Gava f o r  £ h r s . a n d  o b t a in e d  t y p i c a l  s i ? n s  o f  
s h o c k . 3 a y l i s s ( 3 £ 7 ) a n d  H r l a n g e r ( 4 5 6 ) c o n f i r m e d  t h e s e  
re s u i t  s .  S i m i l a r l y , £ - h r . p a r t i a l  o c c u l  s i  on o f  the  T h o r a c i c  
A orta  and o f  th e  Abdominal  A o r t a (  1 9 1 , 4 5 6 )  , I rann( 347)
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t i e d  o f f  a l l  the  s t r u c t u r e s  o f  the  f o u r  l i m b s , e x c e p t  
the main a r t e r y , w i t h  i r o n  w ir e  l i g a t u r e .
T hese  m ethods e n t a i l  the o p e r a t i o n  o f  v a r i o u s  
f a c t o r s , R e d u c t i o n  o f  the  t o t a " 5 "blood volum e in  a c t i v e  
c i r c u l a t i o n  p r e s u m a b ly  o c c u r s  t o  a c o n s i d e r a b l e  e x t e n t  
and p r o b a b l y  p l a y s  the  main p a r t . A s s o c i a t e d  w i t h  t h i s  
a re  marked r e d u c t i o n  in  t h e  volume f l o w  o f  b l o o d  t o ,  
and l o c a l  anaem ia  o f , t h e  p a r t s  s u p p l i e d . ( See CIRCULATION)• 
( c ) . FORCED TENTILAT ION OF THE IUNOS.
Y a n d e l l  R e n d e rs  o n ( 9 1 ) i n t r o d u c e d  t h i s  m e t h o d .U n le s s  
the pumping used  i s  v e r y  v i g o r o u s , t h i s  method may f a i l .
I t  i s  r e c o g n i s e d  t h a t  th e  a r t i f i c i a l  v e n t i l a t i o n  used  
in t h e s e  e x p e r i m e n t s  i s  much p*reater than the  a n im a ls  
c o u l d  p r o d u c e  t h e m s e l v e s . ( See RESPIRATION). •
( d ) . INTRAVENOUS INJECTION OF AD REIT IN.
T h i s  'method was used  b y  Hsinbridere  and T r e v a n ( 2 2 8 ) ,  
and b y  " R r l a n ^ r  and h i s  a s s o c i a t e s ( 4 5 7 )  . R e l a t i v e l y
\
larpre q u a n t i t i e s  o f  a d r e n in  w ere  i n j e c t e d  f o r  a b o u t
*1
z hou r  . B a i n b r i d f f e  and Trevani  22 8 )  i n j e c t e d  6'#11 c c s v  
o f  1 : 1 0 0 0 , a s m a l l  q u a n t i t y  e v e r y  -g- m i n . f o r  20  m in s .
E rlana ’e r  and h i s  c o v o r k e r s ( 4 5 7 ) and C r i l e  ( 5 6 5 ) a l s o
o b t a in e d  s i m i l a r  r e s u l t s . Y . H e n d e r s o n ( 2 5 4 ) .h o w e v e r ,
*
i n j e c t e d  s m a l l e r  d o s e s  and f a i l e d  t o  o b t a i n  s i m s  o f  
shock.He u sed  0 *5  -  1 c c . a  m in .  o f  1 : 1 0 , 0 0 0  f o r  2 h r s .
The c a u s a l  f a c t o r  in  t h i s  c o n d i t i o n  was su p p osed  
by E r l  an i?er( 457 ) t  o be the o b s t r u c t i o n  o f  the  b l o o d -  
f l o w  t h ro u g h  the  l i v e r . H u t  p lum ginp1 the  p o r t a l  
r a d i c l e s  in  the  l i v e r  w i t h  lyccpodium s p o r e s  d id  n o t  
p rodu ce  a s h o c k - l i k e  c o n d i t i o n  l i k e  a d r e n in  i n j e c t i o n .  
T h e r e f o r e , i n c r e a s e d  r e s i s t a n c e  in  the p o r t a l - h e p a t i c  
c i r c u l a t i o n , g i v i n g  a c c u m u l a t i o n  o f  b l o o d  in  th e  p o r t a l
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a r e a  was n o t  the c a u s e .  (S ee  ADRUITALS).
(e) .Exon 3 SITE ES AT '-ÏTD COLD.
wdyf
These a g e n t s  a p p l i e d  in v a r i o u s ,p r o d u c e  sh ock .F a n n  
(¿347) a p p l i e d  them t o  the  b l o o d  f o r  2 t e  3 h r s .H e  
found t h a t , w i t h  e x c e s s i v e  c o l d  a p p l i e d  b y  im m ers ion  
in i c e - c o l d  w a t e r , o r  b y  i n t r o d u c i n g  i c e  i n t o  the  
abdom inal  c a v i t y , t h e  r a t e  o f  the  h e a r t - b e a t  was 
g r e a t l y  d e c r e a s e d , and th e  a m p l i t u d e  o f  th e  b e a t s  i n ­
c r e a s e d  .
( f  ) . ITTT3A75ÏÏ0US IlTJSCTTOir OF STHYGHITIIT.
In o f t e n - r e u e a t e d  d o s e s , s t r y c h n i n  may e v e n t u a l l y  
p rod u ce  a f a l l  o f  a r t e r i a l  p r e s s u r e . a c c o r d i n g  t o  
G r i l e  ( 559 ) . l e  onard T7i l l (  63)  su p p osed  t h a t , w h i l e  
s t r y c h n i n  a t  f i r s t  c o n v e r t e d  d e p r e s s o r  i n t o  p r e s s o r  
r e f l e x e s . i t  l a t e r  n a r a l y s e d  the s y n a p s e s  o f  the 
p r e s s o r  f i b r e s  w i t h  the  v a s o c o n s t r i c t o r  c e n t r e .
( ff) . OUURAMUSTHUSIA.
hTann( 376 ) f ou n d  t h a t  . e x p e r i m e n t a l l y  in d o p s . h i p h  
t e n s i o n s  o f  e t h e r  c o u l d  r e a d i l y  p r o d u c e  s i p n s  o f  
s h o c k . 3 y  v a r y i n p  the  t e n s i o n s , h e  c o u l d  p a r a l l e l  the 
v a r i o u s  s t a p e s . I n  many i n s t a n c e s , h e  b e l i e v e d  t h a t  
t h i s  had b ' e n  c o n f u s e d  w i t h  s h o c k  and s o  the  d a t e  had 
been c o n t r a d  i c t o r y .  ( See CAUSAI FAC TOR S=-ANAUSTESSIA ) .
A l l  t h e s e  m ethods  o f  s h o c k - p r o d u c t i o n  in a n im a ls  
m a y b e  p r o u p e d . a s  U e s e l l ( 4 5 C ) s u p p e s t e d , a s  i n i t i a t i n p  
f a c t o r s . T h e s e  u l t i m a t e l y  l e a d  t o  c h a n p e s  in  the  t i s s u e  
e . p . c e l l  dam a pe , i n c r e a s e d  p e r m e a b i l i t y  o f  th e  c e l l s ,  
t r a n s u d a t i o n  . d e c r e a s e d  "blood volume , s iow insr  o f  the 
b lo o d  s t r e a m , e t c . T h e s e  r e p r e s e n t  the s u s t a i n i n p  
f a c t o r s .
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3j:;CT1CìJ V i l i .  G EUT lì AL NEHVOUá SYSTEM.
The c h a n g e s  i n  t h è  C e n t r a l  N e r v o u s  S y s t e m  a r e  o b ­
v i o u s l y  o f  great importane«,whether t h e y  be prima r y  o r  
Is e c o n d a r y , aa t h e  C e n t r a l  N e r v o u s  S y s t e m  l a r g e l y  c o n ­
t r o l a  and r e g u l a t e s  the activities o f  t h e  r e s t  o f  t h e  
b o d y . H ence  t h e  brain may be r e g a r d e d  w i t h  L> t t h e v ; s (5 5 ô  ) 
as thenrar'Ster t i s s u e  o f  t h e  body". T h i s  r e g u l a t i o n  takes 
p l a c e , both d i r e c t l y  b y  ner^e  im p u ls e s  and i n d i r e c t l y  
through  the  blood, I n  addition t o  the  n e r v o u s  influence 
on th e  v a r i o u s  o r g a n s  and t i s s u e s , t h e r e  i s  the  c h e m i c a l  
s x e i t ! t i o  b y  v  r i o u s  s u b s t a n c e s , e . g .  t o x i n s  .lack o f  
m ,  dirai l u t i  >n ) f  C O * , a d r e n i n , e t e . ,? nd >o th  meeh n -  
i 31-13 a r e  p r o b ' - b l y  ■ 1 v ’- y s  a t  c o r k  in c o o p e r -  t i o n  o r  i n  
a n t a g o n i s m , a c c o r d i n g  t o  the  need s  o f  the b o d y .
I  n th e o f  ?  rauma t i c  oh o ch # t  h a v  i  evr t  rùz en i  n th  i  ic
T h es is  i s  t h a t  b o t h  p r o c e s s e s  a g a i n  p l a y  an es ■ e n t i u l  
p a r t  i n  t h e  c a u s a t i o n , I n  Immediate  S h o c k , t h e  n e r v o u s  
s t i m u l - t i o n  p re d om in e  t e s  , and t h e  C e n t r a l  Nervous ~>y s -  
tem i s  p r o f  u n d l y  - f f e c t e d , >ei ig f i r s t  e x c i t e d , t h  1 : 
d e p re s s e d  ; w h i l e  i n  D e la y e d  - 'hock n e r v o u s  s t i m u l i  i n i t ­
i a t e  the  p r o c e g  es  th-' t  o c c u r  i  s the  c o n d i t i o n ,  id she 
chem ica l  u i b s t - n c e s  c o n t i n u e  t h e n .
The che-s i s  t r y  o f  the b r a i n  i s  p e c u l i a r ,  and s u - g i s t s  
th a t  i t  s n u t r i t i o n  •••onId be - v s i l y  u p s e t  b y  e x c e s s i v e  
nervous s t i m u l i  o r  ' d e l e t e r i o u s  c h e m i c a l  s t i m u l i  i n  the  
b l o o d .T h e  nerve  e i l l s  i o n t  i  i nc rese  ' r i c? r b o h y d r a t ® ,  
“ . g . g l y c o g e n ,- -id no n e u t r a l  f - : t f 517)  . Y e t  t h e i r  m e t s b o l  
ism i s  v e r y  a c t i v e , b o t h  r e s p i r a t o r y  o r  o x i . l  t i v e  and
nutritive metnbolism.lt is therefore essential that it 
obtain abundant oxygen and nutritive raateri ", e.g. 
vineos i, f rom the b 1 ood ( 558).
It Is veil known,too,that the emotive condition h s 
M marke 1 predisposing influence on the develo vient and 
severity of shock,just •3 it hug,though still more,in 
Commotional shock and War Neuroses, ccordi ig :o Llott 
( 426 ) . í be i OAJbA.u j?AoxO*.ó) .
WHAT dhl th:, GHAi'fíj’jo?
Stimul tion of ;he r us system, s Dolleyf387)point 
ad out,must result in lither excitation or depressi n, 
and it is lb île t] t the lerve jells td rong] >3 
jesses of activity,f ti| s,and 11= lly jxhausti n. 
Of '-re1 t importance to life re the changes in the 
vital centres in the me lull- ,which regulate the mech­
anisms of the ircul A id re so ir id n.Thes reflex 
mechanisms are considered under the headings of the 
circulât i n - nd respiratimi. But ::11 the other reflexes 
■■re changed i i Traumatic Shoe’:.
In sev ire Immediate ohock, the nervous functions re 
more or less fatigued,inhibited,or paralysed.In the 
more gradual Delayed bhock,the functions re first ex­
cited,then depressed,indie ting excitation,followed by 
depression,of the nerve centres.The intellect t first 
alert becomes sloudsd¡muscla tone becomes lowered, 
common sensibility is diminished,-.nd the reflexes ore 
diminished or abolished.
Objective changes,such s changes in temperature of
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a in w re Iso ¡tudi 51 >y Crile,and,post-mortem, 
nicroso >pioal structur* 1 shnnges througbout the Central 
Bfervous 3} item,both i th - u f.l s al hi the j! 
and changes in electrical conductivity were described 
ay Grile.
The eause of the 3 •' s is 5till"sub ]udicenfIt 
ms not yet been prove! that afferent impulses cause 
tlisra,!! id th t they are,therefore,primary and essential 
1 is of Traumatic ¿¿hock, 3 Crile supposed.On the other 
mnd, it has been prove 1 that oerebr 1 a nr.- erain can c use
them, id it is i )1© th t th? partial and gradual
cerebral 'anoxaemia result in ? from circul-tory failure 
in Traumatic 31 >ek is res o isible f their product! .
fl) . CLINICAL • JP ih? Oifo] ¿f/ATIQCS.
On inquiring regarding subjective symptoms in Wound 
¿hock,Cannon( 387)found that the wounds were generally 
lot painful in themselves,especially the Irae bruising
wound s .
INTELLECTUAL iUNOTlJJc.
In Immedi te Shoo!:,the intellect might be more or les 
paralysed,• nd the patient semi-conscious.In Delayed 
Wound Shook,it was not primarily - fleets' app> rently.
Che intelligence often remained cle,:r, a. nd restlessness 
wag more common than somnolence,according to Cowell (224 
540). In severe legrees,however, the p.’̂ ient was generally 
Irowsy, difficult to rouse, end apathetic , iiut not uncon­
scious. In ft%:s pvngrene infection,the brain .light be 
ilsar to the end.
The memory was unimpaired.
ELIOTIOír L ] UN OTIUiiò.
These might he depressed from the outset,or first 
sxalted nd then depressed,according to the type of sho 
Exaltation might he signalised by a soldier "oarrying- 
an" in the he- t of buttle,or by restlessness >nd shout­
ing; '«pression by mo- ni-lg,'- id oy f-vr.
IvlOTOH lIJNCll'hhs.
In Immedie.te Shock,the motor power is practically 
Lost in sedere degrees. In Delayed bhock, these functionsj 
upoe- r to be less affected than the sensory. In the early 
3tages and in slighk degrees,the musoni r power v;as not 
iirainished ,> ï tested with the dynamometer,? jcording to 
Novell (224, 3 ; 0 ) . Later in shock, however, mu 3 cul>5 r pro strut 
’.on develops • id nay become extreme and generalised.
The involuntary muscles are also inhibited,probably 
from stimulation of the sympathetic system.In obstetric 
si shock,Tveedyf578,583)observed that the muscle of the 
iterila vt mi sh elongated , "retraction reversed". In tuba 
rupture the tubes v;ere dii- t *d. In-hfl' tion >=nd indraving 
i f the cheeks in respiration,dilatation of the pupils, 
relaxation of the anus,dilatation of the intestines and 
)lsdder,he suggested,were due to relaxation of volunt- 
ry and involuntary muscle.bimilarly,the abdominal vein 
might appear empty • id yet be relaxed,the contents Sein 
ibout the same but their calibre increased.The arteries 
'/ere elso prob- bly in a condition of "retraction re- 
rersed”.
SENSORY EUNCTTOns
¿■t first there may be an initial hypersensitiveness.
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Then these functions,including touch,temperature,and 
po i n, progres sir a', y b ecome depresse 1.
IKFLEXlb.
In established shook,the reflexes are profoundly de­
pressed,In Experimental Shock,this depression or loss 
of reflexes v s  universally recognised as one of the 
cardinal signs of shock.The animal in deep/shock lay 
mresponsive to external stimulation,E.L,Porter(375) 
appeared to show thvt the reflexes were relatively 
augmented in Experimental Shock,but his results.while 
accurate m d  confirmed by other observers.were found 
to be capable of a different interpretation.
The organic reflexes of respiration and circulation 
re also profoundly ‘-ffected, and are described under 
these headings*
SIGHn OF GENIk-.'L -TIHUVII ,i 0? THE ifYIl?' TIh.IIC DIVIS­
ION OF THE AUTONOMIC NERVOUS CYbTEII are also present, 
both in Clinical ■ ndExp erimental Traumatic Shock.The 
evidence in general indicates first excitation,then 
i e p r e s s i o n ,The 3 i g n s  i n d i c a t i n g  e x c i t a t i o n  a r e  a s  follow: 
lilatation of the pupils,increased svve--ting,•f'cceleration 
of the heart, increas ed arterial t o n u s ,cessation of 
novements of the alimentary canal and of digestive 
3eoretions,relaxation of b l a d d e r  wall, etc.Eorae of these 
signs were accounted for in a different vy,e.g.the 
perspir tinn,Crilef75)suggested in 1909,might be due to 
opening oi the duct mouths from contraction of the 
smooth muscle of the skin and diminished blood supply.
*3 this system is to some extent independent of the
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Central Nervous system,it is possible that the cause of 
the exciteti n may be different from that of the C.N.b. 
The internal secretion of the adrenal glands was snppos 
ed to be the causal -gent by Cannon,Elliot,and others 
(see ABHBNALJ).Adrenin increase gave excitation;later, 
decrease of adreni i and anoxaemia probably cr use the 
lepr assi on.
(2 ) . TEMPER'TUrA: CHAHGES.
IIosso (quoted by Howell(620)) showed in 1894 that in- 
jreasel mental ctivity w-s accompanied by rise of 
temperatnre.
Crilei603)studied these ch»nges in Truumatic ¿hock.His 
method was to observe the variations by means of galvan 
ora«tera with sp«cial thermocouples devised to gi^s the 
temperature within 0» 01 deg.C.The constant junction of 
the thermocouple was immersed in oil at 39 deg.C.,the 
ictive junction w- s inserted through a small trephine 
iole in the skull for the brain,or through an opening 
a«low the ribs for the liver.His results(655,661)show­
ed that in Experimental ¿hoc!: the temperature of the 
brain and liver progressively decreased.At first,the 
brain temperature might shew a temporary rise on apolie 
stion of an i itense stimulus. Crile pointed out tint the 
signs paralleled the changes in brain-cell structure 
>nd in electrical conductivity.
(3) .LIICl.O.SCOrlOAL CHANGES IN IN!-.,.ud L ¿T.xl'CT nub OF 
THE NERVE CEL r.H ■ D BL CD VBooELE.
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In Traumatic Shock,various histological changes hay
been described as occurring in the cells of the Central
bjNervous System.According to several observers.however, 
these change^vere well within the range of normal var- 
iation,and.accordinply,they could .not be accepted a3 a j 
reliable criterion.The general view is,nevertheless, 
that they do form an index of the state of the cells, 
Howell(620)-point«d out that our knowledge of the nature 
of the chemical changes that occur in the nerve cells 
during activity w->s very me .pro.Probably carbon dioxid? 
>nd lactic acid were formed and oxygen consumed,- s in 
muscle.And the energy of the Central Nervous System 
came from the chemical changes in the material in the 
cells,essentially splitting and oxidation of the sub­
stances is the cytoplasm.The Nissl bodies,then,though 
artefacts.might be taken as an index of the amount of 
stored energy,according to Hnlliburton(l8),and Matthews 
(556,557,553).Afferent stimuli excited catalytic action 
and transformed it into kinetic energy,which was trans­
mitted along the nerves to the periphery.Excessive 
stimulation mivht lend to exhaustion of the reserve 
store.
Crile(553,565,655),and Dolleyf70,73,74,97)found thesl 
changes in Experimental Traumatic ¿hock in animal3 , 
and in fatal Traumatic ¿hock in man.Mott(231,233,409), 
and Mott and Uno(581)also observed them to be present 
in cases of fatal Wound ¿hock,shock from burns,and 
’shell-shock” , in man,and in”histamine shock"in animals, 
Turokf501).however,found no brain-cell changes in Ex­
perimental ¿hook,produced by crushing tissues,inmediat 
ly btefore or after death from shock.
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NERVE CELLS.These showed general chromatolysi3,alter­
ation in the nucleus-plnsraa relation,rupture of the 
nucleus and cell membranes,disintegration and alterat­
ion in staining reaction of the cytoplasm.The Purkinje 
cells showed an acidophil staining reaction.These 
changes were described by Dolleyf70,73,74,97),as occurr­
ing in a definite sequence of hyperchromatism,chromatol* 
lysis,and disintegration.
'[■ oCUL R Gil NGLo,w ere ilso noted by Mott(223,409 ,428, 
432,581).Dilatation of perivascular and perineuronal 
spaces,filled with Gerebro-spinal Fluid,with collapsed 
empty vessels in them,were present,resembling the 
changes in experiment«! cerebral anaemia.Small haemo- 
jrrhages occurred under the pia mater and into the peri- 
adventitial sheath,and engorgement of the veins vr.3 
also present.
Uott also noted that,to the naked eye,the brain appe: jr-
ed in s wetter condition than usual,being soft and
oedematous,as in experimental cerebral anaemia.In oasi
of conroound comminuted fractures,fat emboli were pre- 
*
sent in the medulla and cortex.
DISTRIBUTION OF THE UHMGES.
These changes,according to Crile(511),were more or less 
generalised throughout the cells of the Central Nervous 
System.They were more mark id in the cortex and cere­
bellum, than in the medulla and cord,and more in the 
medulla than in the cord.
Mottiloc.oit.)noticed that the smaller pyramidal cell 
0x cortex were more affected than the larger
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oyramidal cells,and that the dorsal and ventral nuclei 
of the Zth.Cranial Uerve were more affected than the 
nucleus of the ^Ilth.
nendle ¿hort(424,425,480)observed that only the 
sensory cells of the cortex,the Purkinje cells of the 
cerebellum • nd Deiter’s nucleus,and the sensory basal 
ganglia,optic thalamus.gracile and cune^te nuclei, 
were affected.There was no change in the motor areas, 
i.e.the precentral cortex,the motor nuclei of the pons 
and medulla,and lenticular nucleus,nor in the spinal 
cord .posterior root ganglia, ad the sympathetic ganglia
(4).CHANGEd IN EbECTnlC7L C0NDG0TI7ITY.
Using a special - po*'ratus,Crile(562,591,593,661,655) 
tested ■=nd measured the electrical conductivities of 
various tissues removed iarne 'i- te-ly «fter death.His 
results showed th» t in normal animals the conductivity I 
of the cerebrum was higher than that of the cerebellum] 
in adults,but vice versa in the foetus or very young 
rabbits,and in unconscious man.
In Experimental Traumatic ¿'nock in etherised dogs, 
and in Operative ¿hock in man,how war,the conductivity 
of the brain w«s diminished,that of the liver increased 
In the initial stimulation leading to exhaustion,this 
conductivity of cerebrum and cerebellum showed a slight 
rise,followed by a gradual • nd continuous fall;that of 
the liver,a slight fall,followed by a rapid continuous 
rise,during the stage of exhaustion.
(5) .CHANGED III THE CIRCUL’TIwN IN THE BRAIN.
No direct observations have been made as to the
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cerebral circulation in Traumatic ¿hock.
Howard(641)stated that some observers found constric; 
ion of the blood vessels and anaemia,others dilat» tion 
and congestion.He suggested that these differences de­
pended on whether the skull, -abdomen,or thorax va-s open 
ed first.
Robbins(490)studied plethysmographic Changes in a
treohined stammerer,and found that uronouneed emotion *
always brought about increase of brain volume,a©ecmpanl- 
ied by increased sise of pulse.
¿Suppositions,however,have been made. It may be suppos- 
ad that the low general arterial pressure in shock 
finally results in decreasing the pressure on the sur­
rounding cerebro-spinal fluid,and consequently the 
pressure in the cerebral veins,i.e.the intracranial 
pressure is decreased.The blood-flow through the brain 
is el3 0 diminished.For,according to the usual view.of 
the regulation of the blood supplyfsee Howell(626)), 
the blood flow is indirectly controlled by the vaso­
motor effects on the rest of the body.If,therefore, 
there is reduced volume of blood-flow in the general 
circulation and fall of art erial pressure,owing t- 
dirninished blood volume • .-ad in spite of the eonnens- t- 
ing vasoconstriction,the amount of blood in the brain 
is lessened,and less bleed is driven to it.Local vaso­
motor nerves,if they exist,may dir act the reduced flow 
through one or other area, 
foes also BLOOD and CIRCULATION).
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(6) .MU¿OLE CHANGES.
Muscle was found by Crile -mid Dolleyf 565) to oa 50 
times more resistant than the brain to low B.P. and 
consequent ana eraia . Contractility of muscl e, Cril e(565 ) 
founl,was present in Experimental Shook »contractility 
both to direct and nerve stimulation.
Microscopically,the muscles showed no change in Ex­
perimental ¿hock.according to Crile(loc.cit.).
Chemical analysis of muscles showed the glycogen con­
tent slightly diminished in Experimental Traumatic 
¿hock,according to Crila(655).
NIT 'T Id THE C'tlbE OF TIEME II' :G .¿?
The changes appear to he the result,and not the c'-iise 
of shock.The general view is th't these eh-mages - re 
secondary to the anox- emi-- due to the circulatory 
f- ilure,possibly partly to toxaerni- lue to the absorpt­
ion of toxins from the injured tissues.Crile(655)in 
particular,however,assumed that the brain-cell changes 
were the essential lesion of shock,along with the sim­
ilar changes in the cells of the liver and adrenals. 
They were due to noci-stirauli,and caused the other 
phenomena of shook.
These changes of the Central Nervous System occur in 
various CONDITIONS .besides Traumatic ¿hock.
Changes in the Hissl granules were observed by Hodge 
(quoted by Crile(l2)and Howell(620)-)in 169 2 in the
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spinal ganglia of bird sir if^i^exc ess ive -’ctivity.and 
m  the spinal ganglia of dogs and cats examined after
prolonged electrical stimulation. According to Hallibur-f 
ton(18)the «noesthetics of ether and chloroform 'ere 
shown by Hamilton bright to produce loss of affinity 
for beso-phil st ining in the nerve cells,but this 
ffeot passed off .Lo. ter,I>olley( 70, 73 , 74,9 7) «nd Crile 
(154,160,509,512,553,565)described similar change s in 
the cells of the whole Central Nervous system in dogs, 
rabbits,etc.as occurring after various conditions of 
exhausti an,vi:?,insomnia(553)»excessive ax artion(554), 
excess!-s emotion(615),experimental anaemia and haemo­
rrhage (657)»asphyxia,starvation,drug,toxic.foreign pro4 
teirlg id anaphylactic shock,excessive doses of strychnin, 
total adrenalectomy,injection of excessive amounts of 
h.1 renin,and ether anaesthesia.In all these eonditions, 
Crile as 3ert ad,exhaus ti on wes the c omraon und e rlying 
factor, and accord Inp-ly he sup .cosed that it 3 the 
cause of the changes.By exhaustion ha :ie«nt particular­
ly ftigue of the nerve centres.
Liott found similar changes in Commotional Shock in 
man(432),and in Histamine ¿hock in nim-ls(531}.
The temperature changes.also,Crile stated.occurred 
in exhaustion from any cause,as well/as in Traumatic 
Shock,e.g.fro i excessive exettion.Inera? s e of tsmpera- 
ire occurred in the excitement of ether an I nitrous 
oxide anaesthesia(615).
Similarly,the electrical changes were found by Crile 
in other conditions besides Traumatic ¿hock,e.g.insonn- 
ia(5535) emotion(615) , infect! an,toxic,foreign protsid,
Vind anaphylactic shod: (510) , thyroid feeding in large
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doses(th i changes being r war ;ed by adrenin) , iodoform 
(519 ) ,aoid injectionfalkuli ^i^ing the o. .posit*? change 
adrenalin,strychninf604),but not by anaesthesia alone, 
©,g.sthar,urethan?,nitrons oxide,and morphia.
Diminution of glycogen content of muscles '.Iso ogoui 
ed ‘ifter excessive exertio--., ‘‘coordi-ig to Crila(534).
CAUo.AI P'OTOno.
The ch»npes in the Central nervous Cystern may be prim 
ary to the changes in other systems,or secondary.Prom 
a consideration of the evidence,it would seera that the 
are probably secondary.In the production of these 
changes from trauma,there "re various possible process 
es that may take nlaoef see OAlinAL PACTOno — TAAULIA).
Some stimulation of afferent nerves inevitably occurs. 
These may be the pressor or depressor nerves of the 
circuitti >n,the inhibitory or accelerator nerves of th 
heert.or the inhibitory or augmentor nerves of the 
lrespiretion.The resulting reflex effects may initiate 
the tr»in of following events,or a relatively primary 
fatigue of the nerve-eells,supposed to result from 
too intense or too long afferent nerve stimulation, 
or an increased resistance at the synapsis,due to pro­
longed stimulation,may offer an explanation.
On the other hand,trauma may causa a toxaemia due to 
the absorption of toxins set free in the injured tissue 
Circulatory failure may thus be brought about,and th 
consequent cerebral anoxaemia may be responsible.
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1. STIMULATION OP dri’&ilSHT IJJAvVAS.
S u p p o s i t io n s  v e r e  dr -  "n fru n  OBSBATATIOiio Ur TH^ GAIN 
ICAL SIGHS. In the c? 3a o f  Immediate .0 o c k , the mdd sn
dO
onset  could re* d i l y  bo e x p la in e d  on th.* h y p o t h e s i s  o f  
. -'■■■- 3 i l f l u s n c a . C r i l s f  159 ) observed th at  ©motion,
5sp ei  "n ; ,V ' iwerfud effect > . the . 0 3 1.. 
It is ;ommon ’• io -id:-':? th* t hle--rr; tic . ti e*r:s "ith- 
gtf id Deration •' 1 iti than nervous’’high-strung"
o n e s .
Suppositions -Mrs al so dr* no f r : 1 OBBAhTATibHB Oii TA^ 
5TTBGTS 01 TrAUMA on the tissues, in support of this 
possibility,ïhes© ibservations,however, are capable if 
other ex-Ian* ti ens. f See G Ali BAB ^  A n o - i ^ u A ) .
jPAATIGULAA INSTA ..CIA o f  the i t i o n  o f  trauma i n t r o ­
duce a number o f  oth ?r f* c t o r s , b e s i d e s  s t i m u l a t i o n  o f  
a f f e r e n t  n erv es ,*  nd t h e r e f o r e  d e d u ct io n s  from them »-re 
of l i t t l e  v a lu e  ; 1 t h i s  c o n n e c t io n .T h e  a c t i o n  o f  trnum 
on the l im b s  app-v rs  to be the most une on l ie *  ted 0 se 
th ough h e r e ,  e s p e e i ' - l l y  i f  : lu s c 1 e 1 *• 11 n. 101 0 n be r e s s a  
toxaemia rae y  be the m* in  f a c t o r .B u r n s  and s c a l d s  are  
complicated by the "egsno© o f  dim! notion in  the excre  
ory power o f  the s k i n , w h i c h , i f  e x t e n s i v e , might r e s u l t ,  
according to  Howard (6 4 1   ̂i n  c o n g e s t i  "11 o f  the i n t e r n a l  
0 r f!*a n 3 , 1 r r n t  i  ̂  n o f  3 eus c r y  nerve 3 ,h u ' e-*er . f o l l o w e d  ly
A
tox* enaia , ire prob b l y  I s o  both res n i b b l e  f o r  the  
e f f e c t s ,E x p  > mr ? and m li ud t i  ' i f  The - )dominai  
viscera f e . g . j . n  o p e r a t i o n s , in v o l v e s  s e v e r a l  f a c t o r s , v i s  
r e f le x  changes in  the c i r c u l a t i o n  from i t e  m i t t  ent 
tension on the nerves  a nd b lo o d -v e  s s e l s  o f  the
nesenteri-e'S ; spi ìchnic ìon ti ith oc ;q mt ] 
of blood volume in iircul tionfsea Mann ( 253 ) ) j>from ih.® 
[mndling; incr® sed he^t 1 u ìd 3ibl® lo ss if mr- 
Ibon Uoxicla by mentii • tionffrom expo sur© of thè periton- 
§al c vity;toxic - - .■ rj ti i "r m thè walls of thè *uit.
v »re Piove • u Vi e thorax • • n " * bd-unsu,'.vi thout seri su3 
internili lesio.n.vive reflex ervous ohun; e ■; of oiroul- 
ìtion nd 'espir? ti i,dus ob bly to sxeitation f thè 
jy i thet io plex :, . .thè lar plexus,acti . - th©
.1 idul! iry contras,In acute ad linai ondi :i ns t ì. g. 
oerforated gas trio ulcer, iute h ?m rrh gic _ nere« ti ti 
eto. thè ,,shoo3r"mny b e lue tu this -gent frou thè sulle.: 
severe irritati u >f t’ e iritoneum,or to s:-l nohiiio 
larve stimi ti .m from thè iffected orgun,* s eli s to 
tox* amia,
DIuAGT ò f l i l U L A I I O B  OP riPiiVAS.
It s et first ; e ? :r 11 y SU; pose .1 th- t such stimulat- 
Lon night produce Trauma tic òhoci.Many oh servare ,hov:ave 
isgan to notice that this ri e thod v-;as not gsn erally 
festive in yrodncing Experimeatri Bhoc'*. fhay thè re­
co re resorted to expo su re of ab ' imi v 1 viso o  : ! il othe 
io r e e fi: ec tiv e n e t'u d s.
?orter(45,46,47) ,*.'ho v/as ona of thè first to doubt 
he g a n© rally ucoeptad vi v/,sxperinentad ón animais, 
and fon mi that prolonged st iiTilat i o n, a i thè r alectrical 
>r mech^nical ,of thè greut nervo trunlcs alv/ays fa il ed 
' ' produca sivns of shock.providad haamorrhaga,opaning 
of thè abdomen, reflex cardia j inhibition, etc.v;hieh 
>rought in circuì a tory f»otor3,wera not preaent.lrirked
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fluctuations of blood pressure level.pulse and respir­
ation r? tes occurred,especially under light nu ? sthesi 
but quickly : ibsided o . sessation of th« sti nil? tion. 
This te ij >x ry sffeet i ■ therefore not 3'hoek.
In such epe :iments,tha 1 on ;s V e ànlmalwàs kept on 
the table, the lo Ter fell the blood i^ressure .probably 
from the general exposure,as Leonard Hill( 63 )pointed 
out, well 3 from th« 1 'ed anaesthssia.less of
blood volume from exposure of large surfaces, nd gI 
ehnic vasodilatation,congestion,and tran udation from 
obstruction of venous return.
Porter’ 3 results ver? confirmed by other observers, 
vi7., ebsterf 129 ) ,L.Hill(63) ,„r.nn( 142,347) .Janeway and 
Ewingi148).Guthrie(255), Erlanger(257).Janew y and 
Ewing( 148)concluded that trauma, to sensory nerves in 
an Unconscious animal was a wholly subsidiary factor, 
Guthrie(255).however,found that brachial nerve stimul­
ation in dogs,though it often failed to produce a rv- rkj 
ed fall of blood pressure,occasionally produced shock. 
llann(253)found tlvt nerve stimulation in etherised 
animals never produced shoe!:.
On the other hand,several observers reached contrary 
eonclu eions ,vi^, that persistent r’ff erent nerve stimul- 
tion could produce shod:.V.iggersf 3 72)found that stim­
ulation of the central end of the cut sciatic might 
produce "central nervous system shock" and death,or 
recovery might set in after 2 _ 5 hrs.Circuì1’tory clvnge
were always present,though fall of blood pressure 
might be absent,the blood pressure being maintained
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by other factors.
After elimirr-tlon of bhi j f actor,contr- ry conclusions 
were again reached by different oc servers.By cutting 
the spinal cord,or by injecting n local anaesthetic, 
Orile( 12,561 )and Humus:'y(30)found that trauma applied 
to the cut-off area did not produce signs of shock, 
such » 3 fall of arterial pressure,nor br--in-cell eh ngjes 
ior changes in electrical eonductivityf519)éOther 
observers,however, found that trauma still h- d the same 
effects ‘-fter the injured part was denervated by cutt­
ing the nerves (see 3x001/ and CIi.tOUlbi.2IuH —  TOiAEMIA ),
HOB BOBO AFTB.uiUT 113.073 oTIllULATIUii 'UT?
This stimulation nr y • ct in various ways,v i z ( l ) 
by the production of reflexes,(a)circuì tory,(b)resoir- 
atory, ( o ) veri er-:lis ed inhibitory; (2).by c-using (■ I 
an increased synaptic resi stance,or(b)fatigue of the 
nerve cells.
(1).Reflexes.
(a) .Gircnl '■ tory. The vener i view appears to be th-- t 
afferent nerve stimulation .when of any significance, 
exerts an influence by producing a reflex fall of 
olood pressure,or n reflex inhibitory effect on the
heart.L.ilumraery(20)found that moderate manipulation
of the abdominal viscera, nreduced shock more easily 
than gross injuries,especially if the parietal periton- 
um,peritoneal ligaments or mesenteries were pulled on, 
Ivlannf253 )found that mere exposure of the viscera gave 
little or no fall of blood pressure,but pulling on the
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viscera gave a glight f*-11. Clinical observ- tion} in 
; teg of Operative 3hc i 'j . id Mal@olm(579,58E)t© coneludp 
that nerve irritation caused reflex circulatory change s 
Ha gun no gad that intense contraction of the arterioles! 
wag present,as indie- tei by the initi -1 ri ; - of blc ad 
oressure,strong b s ting of the larger arteries while 
the jr.*.dial oulsation was lost and the tissues became 
p a l e .Presumably some irritation of sensory ne.ves was 
present due to the operative trauma,■ m  1 probably c- us- 
ed these reflex changes.According to Mann(347,376) .how­
e v e r ,  nerve stimul-tion c-uised de- th in animals under 
ether,only by stimulating the nerves that inhibit the 
respiration or heart,e.g.the superior laryngeal.In 
fine,reflex circulatory effects,in comparison with 
the numerous other causal factors,play a very subsidi­
ary p-rt.
fb ).hespir-• tory. Yundell Hendersorif 3.60) supposed this 
factor to be causal.She stimulation of afferent nerves 
produced reflex oocelarotion and augmentation of the 
respir' tion,‘-nd consequent diminution of carbon dioxid 
in the blood and ^issues (acapnia).Under light ether, 
only the pain sensation might be abolished,and the 
ither hyperpnoen might then cause shock.
This process,however,prob-:bly only takes place in 
axe optional coses. (bee BSCPIivA'i’IOU ) .
(°).Generalised Inhibitory Reflex.
Ueltzerf36,55)suggeste1 that in severe injuries the 
¿unctions of the spinal cord were inhibited,and
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eventually those of the medulla rid so sho ck wks pro-
uced.In shock, the motor and inhibitory equilibrium
i/ag upset,and there v;ss a tendency to inhibition.Observ
ition ha 1 shown Lleltzer(36 ,55) that ,af terjkhe abdomen vu s
%
ppened experimentally,peristalsis w- s inhibit sd.Iieltzer 
xnd Auer observed this on the caecum of the rabbit in 
particular.Exposure to air and cold w s not the cause,
Tor,if these factors were eliminated by leaving the 
abdomen intact,the movements of the stomach and caecum 
if the rabbit were inhibited .when the skin of the 
ibdomen was incised,-s could be seen through the intact 
abdominal wall, the hair having been cut.IJor was pain 
the cause,for,after section of the upper dorsal spinal 
lord to eliminate it,the change still occurred,An inhib 
Ltion reflex through the splanchnic nerve^nust therefor 
© the cansa,and,as'>fter the 3pimal cord w- s destroyed 
nd the abdomen opened, the movements stopped «-¿"ter a 
bime.it roust be a local peripheral mechanism.
Cannon's X-ray work(43)confirmed these results.He 
concluded that dynamic ileus might be of spinal origin, 
neing due to inhibitory impulses through the splr-nchnic|s. 
Inhibition might cause it,e.g. in general asthenia,it 
might be due to - reflex e.g.from the testicle through 
the splanchnics,or it might be oi local origin in the 
w-rll of the gu\jfrom paralysis of Auerbach’s plexus or
|
In test in a l  mu'de , e . g . h a n d l i n g  e s p e c i a l l y  h? d t h i s  effejct 
’ van a f t e r  the sp l -  n ch n ic s  were c u t .
In Immediate C h o c k , i t  i s  p ro b a b le  that the cause i s
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8 reflex inhibition of the oardio-vascular and rauscle- 
tone centres, simil- r to the condition in Golts1 3 "III op- 
versucht",caused by ° very powerful stimulus.physical 
or emotional.On thin hypothesis,favoured by Lleltz erf 55 ' 
L.Hill f 63 ) ,_toger(285) , Guthri e (255) ,nnd Hnnni 347,501) , 
the sudden onset and the signs r'in most rr dily explain­
ed , Cowelli 224,416 ) suggested that it was ' n-logons to 
fainting-,though ha h^d had no personal experience of 
purs ,Tnervou3"shock.Guthrie( 255)also suggested that in 
cute psychic shock inhibition probably played a lead­
ing role,but in Delayed dhock there was little evidence 
that it was a factor,Roger(285)also suggested that a 
violent excitation of the nervous system g«ve a series 
of inhibitory reflex changes.These changes might indie 
te cardiac syncope,respiratory syncope,or nervous 
Shock.11 n n (347,376)nlso showed that stimulation of the 
inhibitory nerves of the respiration and heart might 
cause cessation of respiration or the heart and sudden 
death.Probably this w- s sometimes the c* use of sudden 
death on the operating table.
(2)q..Increased dynnptic He si stance. The hypothesis 
that afferent nerve impulses were present in the centra 
leurones wag adopted by a number of observers. ’To object 
Lve evidence of their existence w  s available.however, 
and various experiments were cited '~u indirect support 
j- the sunoosition. If this supposition wore accepted, 
hen fatigue of the nerve centres became a possible 
■■»suit of these impulses. dlisrrington(481) .however,
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showed that repeated stimulation of afferent nerves 
lessened the capacity to transmit impulses.He suggeste 
that "blocking"oocurred at the synapses between the 
afferent peripheral and central neurones,from increase 
in the natural resistance ‘-gainst repeated stimulation. 
This was a protective reaction.He also found that afta: 
v "block"had occurred from repeated stimulation,stim­
ulation at another point produced the reflex contract­
ion.Fatigue of muscles w?-s therefore a secondary factor. 
Leonard Hill(63,84)also suggested that defective trans­
mission occurred at the sensory synapses as a result 
of injury, ¿stimulation of an'7 reflex arc left it moment­
arily depress«1,and excessive stimulation brought on 
fatigue or changed pressor i ito depressor reflexes.
Porter explained the apparent relative .augmentation 
of the pressor reflex response,as the blood pressure 
fell,on this hypothesis.As the synaptic resistance 
inore«- sed, so th ? threshold stimulus rose and stronger 
stimuli were required.The cause of this increased re­
sistance,he thought,wns anoxaemia or accumulation of 
carbon dioxide.
Under ether ana esthesia, ' rain,the passag e of •fisrent 
impulses is probably "blocked" by increased resistance 
at the synapses.Forbes and his coworkersf211,212,601) 
showed that the paganve of afferent impulses,ag¿tested 
with á string gn 1 vn no me t e r, v/n s "bio ek sd"p rob r b d.y at th- 
iirst synapse of the afferent p>th.With deep ether, 
the ruction in total resistance vans very grert, some­
times almost abolished. ( Lee 0AU64L P A C T 0 H 8 .
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gynaptis résistance,conséquent partly on the repeatad 
effarant nerve stimulation,a;id pnrtly on the cérébral 
anoxaemia,resuiting from tha circulatory failurafse® 
Fraserf474,639)).
Tha 1o s s o f r m i soie-1 o na is probnbly not due to this 
condition,far 3b.erringtonf481)showad that,if a new 
afferent pn th wera ohosen, tlie noter reflex ‘gain tool: 
place.It is probnbly due to cérébral «noxa«mia.liks 
the othor ch*~np-es( nee later). In the case of "SPIHAL 
3H0CE'f,in contrast, the c-use of the phenomena, including 
loss of muscle-tone,was,according to Sherringt©n(481), 
the rupture of the descending nerve paths,because the 
effects^’ppe--- red to tnke place in an aboral direction 
oniy.The cause of normal muscle tonefsee Howell(619:) 
is belàtfved to be the reflex tonie r otivity of the 
motor neurones to the voluntnry »ni inrolunt-.ry muscle 
The se paths,aecording to aherringtonfloo.cit. didut 
oxiginate in the brain,.ns n’olati en of the hemisph eres 
«■'we a muoh slighter dépréssion. The y probnbly originat-
9
ed in the pons or mid-brein,and > lso in the cord itsel 
Pika,Guthrie,and ôtew^rtf54,69)ooneluded th- t the phén­
omène of Expérimental Cérébral Anaemia ,v;hich elosely 
resembled Epinal Shock,were due to the sam s cause. 
Stimulation of inhibitory fibres was not the cause,acc- 
ording to Sherringtonfloo.oit.1,because the reflexes 
showed the fsatures of fatigue instaad.Simil* rly in 
expérimental Cérébral Anaerai? , ccording to Pike,Guthri 
'nd otewartf 54) .lïor va s irritation bv the traum>
responsible ,bec> use the effect w? r: in an aboral direet-l- 
ion almost exclusively,and : la ter transaction two 
segments behind the first failed to fire the same de­
pression. Xior did low arterial pressure ervu.se it,for 
the head showed no signs of " shock". Jectiori of the 
lower thoracic spinal cord and section of the upper 
medulla in front of the v; soconstrictor centre gav i 
"shock",but no fall of blood nressure.
(2)b.ffatirue of the nerve centres.
It ms supposed thr-t stimulation of afferent nerves 
resulting from trauma set u: • fferent impulses that 
•t first excited the nerve cells of the Central herr- 
ous Cystem to increased activity.Continued stimulation! 
resulted in fatigue of the calls,and finally exhaustioj. 
Crilei528)supposed that the internal respiration of th 
cells wag interfered with giving intracellul- r cidosis 
which eaused the cytolytic oh* iges,and the various 
changes in the Central llervous cystem.The internal re­
spiration was also interfered with later by second^ ry 
causes, s.g, .anaemia. In particular, as Dinted out by 
Dolleyf387),impairment of the vasoconstrictor centre 
resulte<jj»nd a further fall of blood pressure establish­
ed a vicious circle.This centre first gave overactivitj 
than « stubborn maintenance of control.Guthrie( £55)else 
suggested tlvt Delayed Experimental Chock w,:s largely 
hie to fatigue of the bulbar centres from ether poison 
ing and sensory nerve stimul*-tion,which night lessen 
oheir resistance to anaemia,He produced profound shock 
while the eye-reflex still persisted,by ligature of
only one jarotid artery,The lore profound st gas,how­
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ever, wsre probably'due to f'-ilura of the circulation. 
Handle bhort(480)supposed that the site of the fatigued 
¡»rve centres for muscle tone lay in the medulla(‘-ud 
perhaps in the cerebellum) ,for he found th* t the nuclei, 
for muscli tone in the spinal cord showed a loss of 
Ji3 3l granules,and supposed that they wars i 1 i )ited, 
paralysed, or fatigued by ’fferrnt impulses.
Observatione >f the Qlinical Cigns may be explained 
©n this theory,but also,and perhaps more satisfactorily 
on the theory of anoxaemia,The rausele >ower,a,g.,w s 
not lost in the early stages nor in the slight degrees. 
The reflexes were not diminished to any important degr 
except,as Bayliss(306)pointed out,when the blood press 
ire h°d remained low long enough to p-.rulyse the centres 
from want of oxygenfsee ]_■ ter).The changes in muscle, 
above >ntioned,viz,the presence of contractility,! nd 
the absence of Qioro3 oopical ih nges,alsc point,on the 
vh©le, against the theory of nerve oe it re fatigue,? nd 
in favour of the supposition of "bioeking"at the syn- 
pses ‘¡nd anoxaemia.
There appears to be no proof,us Bayliasf672)pointed 
aut.that nervous influence is essential for the life 
}f the calls.wounds healed just us readily in a denerv- 
ted ere a, and d enervated p: rts were only nore liable 
o injury because of the loss of s uisation.Bed-sores 
flight be prevented in ner*ous cv.ses by proper e- re.
In conclusion, in the cose of Delayed oho cl:, this 
niestion is still unsettled. It hr s not yet been proved
th> t this factor • lone m? y produce shock,? nd, in tl ; 
whole,ti h stimulatim of afferent nerves in combin­
ation with other factors n* y cause a gr dual lowering 
of the reflex responses,yet in Delayed Jhock such 
stimulation is subsidiary,Probably it is chiefly oper­
ative in initiating the prooe-sses which are continued 
by other factors.
(2) . OSnKBlv'L .
Anoxaemia* hie to <; erebr • 1 ‘ e .! a from circul- tor;* 
f ilure may oauae these iges.For it is - all kn m  
that an • nundunt supply of oxyren to the br: 'n is 
nseessnry(18) »As Gannon(567)pointed out,the irain sell 
re re sspeei lly sensitive to 1 f oxygen,? id even 
7 to 3 mins.total ■ m ' light ' ; f tal.No investi : t 
ions app̂ .-.r to h;.',re '.»sen carried out on tli ; or" in 
circul- tion in shoe’: to prove -hether this f- ctor is 
ctually pres t.It 3 sup] esed.however,that the low 
blood pz : 38UZ 1 f shook ight produce
lseqi snt xaemia.and the majority of 
Jrkers o i Tr imatic 3 J Id this viaw(see Bayli3 s 
332) ).
Emotional fainting in rum is probably due to a sudden 
anaemia of the br ' . strong afferent stimulus is 
supposed to inhibit the ■ otivity of the nervous centre 
so that relax tion of muscle tone.dilat?tion of 
ap-lhnehnie blood ressels.etc. y msi s.Similarly,in ;h 
;,-t wounds rithout loss of blood,fainti ig . > i n* 
-L,y took pi- ce,though shock might not follow.Immediate
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•¿found ihock closely res • ••Vbled syncope in su die mess 
of onset,and Cowell(146,224)suggested that the • ndit-| 
ion« r ere uaulo ou>,
In the ?ase of Belayed Shock,the generally îcej bed
leapt! i dur in the Great War -was t3 b it 3 m in-
lv due to" ex- îmia^isee J nnon(225)) rith - mcentz 
id stasis ilood in th e c? , i 11 ri .,. rod1 3ed 
toxaemia from I« • : set free :• l th e injured bis rue 
and circulating in the ale d.The » «. ins might 
directly on the cells of the Central Nervous System 
tf rough the >.lo d, id 3tii n 1? te tl ■ oh nli 3 1! y, excitj 
«tion being follower! by depression if the process 
went on.Or the action might be indirect through the 
failure f siroulati : ! luced 3y ;he ' ins,and this 
is probably the nr in process.The nerve cells re then
paralysed,may not completely . • ; ■ ■ n, id thus show
structural ch.? 3.The iecreas '. els brie? 1 nductiv-}- 
iby «nd fa 11 of temper-ture in the irn î nr y be due 
bo th reduced let? lolism ; isequent on this anc : îmià. 
The increased synantie resist- nee r y je rtly due to 
it,and practically -'11 the other lervous îh . ss lay 
be e::pl- in el i this w.uy. 
nAPEHL.IBj.iT V, TOT ' h ACUTE 0... mj.v^ AJA^.11 ' .
Cerebral -nnemlà ma.y develop suddenly or gradually,
«nd be total or partial.In the experimental oonditi n, 
it is sudden end total,in Immediate Shock it may je 
sudden and partial.whereas in Belayed Chock it is 
presumably gradual and partial,and the supply of oxy­
gen to the tissues is probably insufficient.The effects
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of the two conditions.however,closely resemble one 
another,but in Traumatic Shock the effects «re less 
m a r k e d ,though Guthrie(203)could not differentiate them 
sharply.
Experimental Cerebral Anaemia may be easily produced
_in hutch rabbits,as Leonard Hill(63)demonstro ted,by 
holding them vertically for a few minutes.Unconscious­
ness and death resulted.
Stewart, Guthrie,Burns,and?ik«(37)studied the condit­
ion of the brain centres in total acute anaemia.produc­
ed by ligation of the Innominate and Left Subclavian 
proximal to the Vertebral,or of the Internal Carotids 
and Vertebráis of both sides.All function of the brain 
and anterior cord was lost,no reflexes being left.The 
degree of resistance vr'ed in the different tissues, 
the muscles and gl-- nds being the most resistant, t e 
brain least.In the brain itself,the cerebrum and cere­
bellum v m  re the lea3t resistant.than the cells of the 
medulla,and lastly these of the suinal cord and sympath-c.
stic ganglia(52). The ultimate limit at which resuscit.- ti 
is possible was 20 minutes(37,52,251).Beyond tht.the 
destruction of many cells of the vital contras prevent­
ed restoration,according to Gomes and Pike(72),and gen­
erally a rapidly fatal effect resulted.
Good oxygenated blood supply was therefore ee.e ,tial 
to the life of the brain.Leonard Hill showe1 t' *: the 
irrin used v/. o :yger r /idly,as methyls ie blue stain­
ing was rapidly oxidised.When a plentiful supply of 
oxygenated blood .an provided,Pike and his coworkers
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(37,251)found that calls 30©n . »covered and resplratio 
pulse, and blood pressure soon became normal.Oo much so 
indeed,that some hours after restoration of the circul 
ation to the brain,Dike and his coworkers(181,£51) 
found that transection of the upper thoracic spinal 
cord might be done without the f-tal result which oc­
curred in the normal animal,If done soon after,or u  
soon as respiration ancl blood pressure were normal,it 
w s fatal.Probably the fatal result was due to the .low 
blood pressure damaging the vasoconstrictor centre,for 
damaged nerve cells were more sensitive to low blood 
pressure.
The respiratory • nd circulatory centres lost their 
power of functioning »bout the same time,The respirat­
ory »nd vasoconstrictor centres were similar in their 
resistance,though the vasoconstrictor centre was more 
resistant i n cats (37,52^251), Guthris(255)accordingly 
suggested that the condition of the vasoconstrictor 
centre might be roughly indicated by the condition of 
the respiratory centre.Bayliss(320a)also confirmed the 
results,out suggested(310)that in man the respiratory 
centre might be more resistant,as different animals 
varied.
In the o-se of Traumatic Ohook,similarly,Pike(251) 
suggested that some physical damage to the nervous 
system existed.The low blood pressure in shook(and 
the consequent diminished blood-flow to the brain)was 
not low enough in itself to produce such speedy death 
-3 often occurred.Probably the nervous system v/as
94
i n j u r e d  b y  t h e  a n a e m i a .
P i t h  d e c r e a s e d  p e r c e n t a g e s  o f  o x y g e n , P o r t e r  ( 1 3 3 )  
fo un d i n  e x p e r i m e n t s  t lv  t  t h e  r e f l e x e s  d i s a p p e a r e d  a b ­
r u p t l y  when t h e  o x y g e n  co  i t e n t  o f  a r t e r i a l  b l o o d  r e a c h ­
ed 4 - 5  'p b y  v o l u m e . A c c u m u l a t i o n  o f  c a r b o n  d i o x i d e  was  
p r e v e n t e d .
The c i r c u l a t o r y  c h a n g e s i n  e x p e r i m e n t a l  c e r e b r a l  ? a? e 
i s , a s  d e s c r i b e d  077 S t e w a r t , G u t h r i e , B u r n s , and P i k a  ( 3 7 ) ,  
wrre d i f f e r e n t  f r o m  t h o s e  o f  s h o c k . T h e  b l o o d  p r e s s u r e  
showed »11 i m m e d i a t e  r i s e  f o l l o w e d  b y  a  f a l l , a l o n g  w i t h  
s l o w i n g  o f  t h e  h e a r t  f r o m  v « g u s  i n h i b i t i o n , L a t e r  a s e ­
c o n d /r is e  o c c u r r e d  . a f t e r  t h e  e a r d i o - i n h i b i t o r y  c e n t r e  
had succumbed t o  - n o e m i a . T h a n  i t  f e l l  s l o w l y  t o  a c o n ­
t in u o u s  l e v e l , a t  w h i c h  i t  was  m a i n t a i n e d . A f t e r  d e - o c c l i  
i s n . t h e  b l o o d  p r e s s u r e  f e l l  m o r s , t h e n  r o s e .
The r. e s o i r n t i o n  " t  f i r s t  s t o p p e d , t h e n  a s e r i e s  o f  
s t r o n  g a s p s  o f  t h e  G h e y n e - S t o k e s  t y p e  f o l l o w e d , t h e n  i t  
sto p p ed  a g a i n . O n  r e s  t o r -  t i o n  o f  t h e  c i r c u l a t i o n ,  i t  
recommenced n i l  ’ e * i ly  ’ i t h  * ; sp , t h e  .1 r r  d u a l l y  l u c r e  5
e d .
Spasms 1 nd d e a t h  o r  r e c o v e r y  e n s u e d .
HI s t o i c a l  c«-1 Oh nmes i n  t h e  H erv e C e l l s e r e  . I s o  
c b t a i n e d , si id 3 r  t o  t h o s e  f o u n d  i n  T r a u m a t i c  S h o c k .  
•Dolleyf 7 3 , 7 4 , 9 7 )  o b t a i n e d  them i n  c-e e b m l  s n a e m i "  
pro due >d b y  h  smo 2 - . mez nd P i k e  ( 7 8 , 8 5 1  l1 o
found a  - c h a n g e  i s  s t a i n i n g  r e a c t i o n  a f t e r  e x p e r i m e n t s  
c e r e b r a l  naeipi , f o z  1 0 - 8 0  minu i , s id t h e n  r e s t o r a t i o n  
e f  jw n i n u t  s. Ths  . . 7 1  y r  imi i a l  j e l l s  5 - 
wost m s c e p t i b l e  , t ’ h ■> B u r k i n j  e c e l l s ,  c e l "  s o f  t h e
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nedulla obl@ngB.tatspisaal oord,spinal gangli id 
o; th ítlo 5 i g l . T - iff irence i legree o£ the chani 
in v-rious parta might >a íxplainad(37)by suppo3 ing 
th t bheir resistenee to ana amia - ried.Mottf 09,581) 
ala© obt; ined th 39 oh ges >y li buring the vertebr ! 
md oarotid arterias oí both ¡sides, 
v/ith -el i rain.- tion of this i' ctor oí ■ rr erni- ,by over- 
transfu3ion,Crile(155,513)and Dolleyf73)found ti t 
leh íore traurn 3 required, >ut th? ; traxi light 
still i ■; f? bal jxperiment 1 ihool ad histol© ieal 
:ea i th le re o®lla(581), id oh n- 53 in electrj 
al aonduet i vi b; f 655 ). ?il - id G©©mbs(85Í) found bh t re 
stor tion of the lowered blood pressure of "ópinal ¿ho 
by ole .¡n ing the Thermo i o orta o esterad the duraaged 
brain funotions,They jonoludsd that , símil.« '7;' in ©ase 
of Trvurantio S-ioc'.i rif -:-rr ere i n  :n to the celia of 
the Central >rv S; 3tam,thsre 3 no or only slight 
f function;if the blood preaaura r i 
But bl ¡fu 3 ti 1 3 i ipr ‘ ’ th ilo od presa 1 w n  - 
raisel rtiíioi lly.
(3) . OTHEr P0SSI8LJ -JOL ■dO.tY CAUS h f 
TOXAEtvIIA.
The toxina absorbed from the in jurad ti senes i:i soma 
cases,at least.of T tic , . rail is oting
indi reo ti y thi igl ti 1 cirei 1 b ry f ilure to ieh 




Obstination ¡f th® blood-supply to th® hr in from 
f t emboli v s  suggested o enusul f .ctor in son®
■■ »s. lut 3he sviden s ippears t< show that,though in 
3ome ; 56S ?h ¡re the fat of the body has b ¡on disturb­
ed it may be causal --.gent to • m i l  extent possibly 
generally 3.0 eo-king it is no b ext ensive enough, 0.3 üott 
(409,581)f( - 1,1 have any 3 gnifio nee. (Bee BLQOI) ALL 
0 X iXu aJn XX » J 
CHA IGEO lb für ADnENAEo.
The signs of oyi-V' thetic stimulation might in lió» te 
a reflex sf ¡et from ¡xeitation of afferent nerves, 
but they appear more likely to be due to incz3 3© of 
adrenin in th ¡ 3iroul bing blood,? : Qazrn n(196) ¡ug rest-)- 
sd,As adrenalin int v • 3 isly injected ' : bhe
structures innery-ted g: the oyuputhetic 3 y item by
di sot cti 3 ti ¡or| -, 3 3ho ,rn >y X ingle; , 0 1 ..-
(197) conolud sd ;h ii . f irenin, hioh he found
in the «drenai vei -s ■ fter strong smoti n, 3 the 
cause 1 f-ctor. In bhe initial s tu gas of Immediate Ahock 
Ai : f? otor ro ; bly _ 1? y3 1 import? it p? rt.P ssibl; , 
too, exe i t tion of th e v . thetic system by nervous 
influences may initiate the eh nges and the internal 
secretion automatically -.u --nient and prolong them. 
POLLOIDQCa;. JTÒ.
This might take pi-ce,to slight extent, s in 
Icmmotional Shook,in rhi ¡h the ih n¡ ss sre probably du 
00 disturbance of static equilibrium of the colloid 1 
structures in th ¡ nerve cells p rticul rly by the fore
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o f  the  J X p T o s i o n . M o t t ( 4 2 6 , 5 3 1 ) f o u n d  i n t e n s e  c o n g e s t i o n  
o f  t h e  b r a i n  t nd numerous p e t e c h i  1 h e m o r r h a g e s  a l o n g  •(- 
s i d e  t h e  b l o o d - v e s s e l s  i n  f a t a l  c o s e s ,
WHAT •■HD THE EPDLOIc OF Tilt A  Gh hi :ho?
In  I m m e d i a t e  E n o c h ,  t h e  n e r v o u s  c h a n g e s  a r e  d e p r e s s ­
i v e  a]  31 f r o  tl ) ' r t,' t  i n  D a l  y e d  S h o c k , t l i a  
n e r v o u s  s y s t e m  n r y  b e  e x c i t e d  • t f i r s t , c a u s i n g  c o r r e -  
spo i d i n g  changes i . j  o t h e r  s y s t e m s  . p o s s i b l y  a s  a d e f e n c  
a g a i n s t  t h e  i n j u r y , l a t e r  i t  b e c o m e s  d e p r e s s e d , s i g n s  
of s h o c k  * p p e n r . a n d  v i c i o u s  c i r c l e s  t h e n  « . r i s e .
The effects of the diminution of the organic reflexes 
of circul5 tion and respir tion .re de-- It vith under 
these be* lings.
The effect of the loss of muscle-tone is to nggray te 
the circulatory f ilure.As Leon; rd Hill(63)pointed out 
the loss of tone 'n the muscles removed the support 
to the vain:3 and c«pillaries,the blood-flcv tended to 
st-'gn»te in the peripheral circulntion,the blood press 
ure tended to fall and the heart-output to be reduced. 
Loss of muscle-tone produced experimentally by the in­
jection of curare was f nnd by Pike to be «ccompanied 
by « fall of blood pressure,both in the normal and 
spinal "animal. bimila rly in surgery,high stovaine an? as 
thesia sometimes gave a marked fall of blood pressure, 
probably partly from loss of muscle-tone in the lower 
parts of the body.Pall of temperature results,too,as 
nnon(250)pointed out.Diminution of muscle-tone,how- 
c'^r.may be unaccompanied by a fall of blood pressure,
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e . g . in n e r v o u s  ¿isoa3e nd t1 n d3r  ?,nae st h 3ai a ,wher a, 
h o w e v e r , t h ®  p r o o e s  » i  s g r  id i 1 nd t h e  h e  i r t  nd v  s o - I  
c o n s t r i c t o r  c e n t r a  re s t i m u l a t e d  t o  c o m p e n s a t e .
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EIGNIFICANCE OF THE old OH'ECho.
In Immediate Bhock,the nervous changes • re probably 
primary «nd consist of •; reflex inhibition of the 
medullary centres -nd the centre for muscle-tone,from 
an intense stimulus.physic-1 or emotional.
In Delayed Bhock,several causal factors may be at void 
Llott(531 Jpointad out that 11 the causal factors might 
cooperate to form a vicious circle,The nervous factor
maybe active < s in Immediate ¿hock,but in less degree,1
or it may be practically absent.The other factors soon 
completely overshadow it.Ahsorotion of toxins is the 
first of these caus' l ‘-gents to act,followed later by 
lack of oxygen,when the circulation fails.
The excitation of the sympathetic system seems to be 
3 defensive effort on the o- rt of the ora nism.
THE KINETIG THEORY OF BHUUK l7aa -,dv< need by Grile 
and supposed that shock was due to exhaustion of the 
"Kinetic Bystem”,viz.the brain,thyr id, - drenáis,muscl 
Pnd liver,from over-stimuíation.These or g ans converted
potential into kinetic energyfmotion or heat).That the'
train was intimately linked with the liver,thyroid, 
tdrenáis,and muscles,Orilef566)concluded from his ob- 
servations and experiments.The microscopical changes
the Central Nervous Bystem,liver,and - drenáis in
Traumatic ¿hook were anr «rsntly of an identical nature. 
The temperature changes • nd changes in electrical con­
ductivity appe red to run p! r* llel.nd corroborate then). 
The electrical conductivity of the liver w- s incre? sed, 
that of the brain decreased(655).The electric 1 conduct­
ivities .however,were measured on practically lead 
tissues and eight not be applicable to the living.
The g l y c o g e n  c o n t e n t  o f  t h 3 l i v e r  and v o l u n t a r y  muscles)  
Was d e c r e a s e d  i n  T r a u m a t i c  B h o c k , a c c o r d i n g  to  C r i l e ( 6 5 3 ) # 
«nd i n  e x c e s s i v e  e x e r t i o n / 5 5 4 ) , a d r e n i n  i n j e c t i o n . a n d  
t o t a l  a d r e n a l e c t o m y f 6 5 5 ) d s e r s a s e  vn s a g a i n  n o t e d .  The 
i o d i n e  c o n t e n t  o f  t h e  t h y r o i d , J r i l e ( 6 5 5 ) f o u n d , w  s i n ­
c r e a s e d  i n  T r a u m a t i c  Bho o k ,  a n d  a l s o  i n  e x c e s s i v e  e x e r t - j  
| i o n ( 5 5 4 ) , a n d  e m o t i o n f  6 1 5 ) .  The a c t i v i t y  o f  t h e  p i t u i t a r y ,  
p a ( 6 5 5 ) f o u n d , d e c r e a s e d  i n  T r a u m a t i c  B h o c k .
In t h e  c a s e  o f  t h e  l i v e r . i d  p 1 r t i c u l  r , C r i l e ( 6 0 4 )  
found tin t  r e m o v a l  o f  t h e  o r g « n  c a u s e d  d e a t h  i n  a  f e n  
h o u r s . I n  d e c a p i t a t e d  a n i m a l s  w i t h  g o o d  c i r c u l a t i o n  and  
r e s p i r a t i o n , a  id f t e r  d r s n a l e c t o m y , e x c i s i o n  d i d  n o t
causa d e a t h  s o  c m i c k l y . A f t e r  r e m o v a l  o f  t h e  l i v e r , t h e  *
t r a i n  t e m p e r a t u r e  f e l l  p r o g r e s s i v e l y  u n t i l  d e a t h  o c c u r r -
1
ed .aad  c h r o m u t o l y t i c  civ - lges  ' g a i n  upper-red  i  . t h e  
b r a i n  c e l l s .  I n  v o l u n t a r y  m u s c u l a r  a c t i v i t y  and i n  d i r e c j t  
s t i m u l r t i  n o f  r. n e r v e , t h e  t e m p e r a t u r e  o f  t h e  b r a i n  
and l i v e r  v a r i e d  i n  o p p o s i t e  d i r e c t i o n s . I n j e c t i o n  o f  
d r e n a l i n , s t r y c h n i n , a c i d , and a l k a l i , g a v e  l i t t l e  c h a n g e  
A  the l i v e r  temper?  t u r e . b u t  m a r k e d  v a r i a t i o n  i n  t h e  
^rain t e m p e r a t u r e .  The l i v e r , B r i l s ( 5 1 8 )  c o n c l u d e d  ,w.- s t h e
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b a s i c  o r g a n  f o r  a c i d  e l i m i n a t i o n . l t  s t o r e d  «nd d e l i v e r  
ed g l y c o g e n , a n d  b r o k e  down t h e  • c i d  b y - p r o d u c t s  o f  
e n e r g y  t r a n s f o r m a t i o n  i n t o  g a s e s  and * c i d  3? I t s .
E x p o s u r e  o f  t h e  a b d o m i n a l  v i s c e r a  c o n t r i b u t e d  t o  l o w e r  
i n ?  o f  b r a i n  t e m p e r a t u r e , a n 3 a l s o  i n d i r e c t l y  t h a t  o f  tjhe 
l i v e r . O n  i n t r o d u c t i o n  o f  h o t  va t e r  i n t o  t h e  s t o m a c h ,  
h e ( 5 6 6 ) f o u n d  t h a t  r i s e  o f  ' o r  i n  t e m p e r a t u r e  p r e c e d e d  
t h a t  o f  t h e  l i v e r . I n j e c t i o n  o f  a d r e n a l i n , G r i l e f 6 0 5 )  
o b s e r v e d . g a v e  i n c r e a s e  o f  t e m p e r a t u r e  i n  t h e  b r a i n  and  
t h y r o i d , b u t  n o t  i n  t h  •? l i v e r  and  v o l u n t a r y  m u s c l e s .
A f t e r  r e m o v a l  o f  t h e  l i v e r , i n j e c t i  n o f  a d r e n a l i  i g a v e  
l i t t l e  c h a n g e  i n  b r a i n  t e m p e r a t u r e .
A l l  t h e s e  c h a n g e s , O r i l e  c o n c l u d e d , b o r a  a  d i r e c t  r e ­
l a t i o n  t o  t h e  v i t a l i t y  o f  t h e  o r g a n s , i n d i c a t i n g  a  
r e d u c e d  m e t a b o l i s m  and f a t i g u e , a n d  v ;ere  t h e  p r i m a r y  
chan ges  r e s u l t i n g  f r o m  t h e  p r o c e s s e s  o f  e x h a u s t i o n .
¿ t i l l  f u r t h e r  t o  e x p l a i o  t h e s e  c h a n g e s , C r i l e f 5 3 6 , 5 5 9 ,  
6 3 6 , 6 4 0 , 6 6 1 ) f o r m u l a t e d  a n  E L E C T .D ) C H K IIO /L  HYPOTHESIS. 
Each n e r v e  c e l l  m s  nn e l e c t r o - c h e m i c a l  m e c h a n i s  i .T h e  
n u c le u s  and b o d y  w e r e  sep* r a t e d  b y  a s e l e c t i v e  s e m i -  
p e r m e a b le  m e m b ra ne ,  nd rou nd t h e  c e l l  i t s e l f  w as  a l s o  
a s e m i - p e r m e a b l e  raeiabr? n e , The n u c l e u s  s t h e  p o s i t i v e  
p o l e  and t o o k  t h e  - a i d  s t a i n , t h e  c y t o p l a s m  vn-s t h e  
n e g a t i v e  p o l e  and t o o k  t h e  b a s i c  s t a i n . T h e  c o n t e n t s  o f  
the c e l l  c o n s i s t e d  o f  c o l l o i d a l  s o l u t i o n s . Ties c e l l s  ha(d 
thus t h e  p o w e r  o f  o x i d a t i o n , o n l y  - s  l o n g  a s  t h e r e  - s 
a d i f f e r e n c e  o f  p o t e n t i a l  b e t w e e n  t h e  n u c l e u s  and c y t o f -  
p la s m ,a n d  t h i s  d i f f e r e n c e  w as  m a i n t a i n e d  o n l y  5 s  l o n g  
- ;3 t h e r e  was  o x i d a t i o n .
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The organs and tissues w e r e  m u l t i p l e a  o f  cells,and  
similarly the organism was an electro-chemical mechanism, 
depending on physical l a w s . T h e  brain w> s  the p o s i t i v e  
pole,the liver the n e g a t i v e  pole,the n e r v e s  w e r e  the 
i r e s ,and the 3alts in s o l u t i o n  were the electrolytic 
fluid..'n oxidative electric wave passed from the brain, 
»/here the oxidation was highest,down the nerves to the 
muscles and glands,and finally reached the liver,where 
the oxidation was at the lowest rate,Then it travelled 
bach to the brain,thus completing the circuit. M a n ,then, 
ivps an electro-chemical mechanism,constructed on the 
pattern of the constituent cells,each of which i n  itself 
was an electro-chemical mechanism.
Crile explained by means of this theory many of the 
phenomena in Traumatic ¿hoc!: and in life in general.
Thus wes explained the specific antithetical action of 
adrenalin on the temperature of the brain,liver,thyroid), 
and muscles;the increase in electrical conductivity of 
the brain by iodine and thyroid extract(e.g.in hyper­
thyroidism) and the decrease fter thyroidectomy;the 
interference with digestion by strony eno ti n,injury, 
pain,infection,etc,»because the splanchnic processes 
were inhibited while the brain was stimulated.¿imilarly 
the antithetical effects of fear and faith,and the results 
of chronic fear,anger,etc..¿imilarly,sleep was a period, 
during which the difference in potential of the batteries, 
"'hich had been decreased during the day,w-s restored.
In surgical operations,if thenst«te of negativity" and 
internal respiration were maintained,no shock resulted.
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The "state of negativity" w? 3 maintained by fl) exclus­
ion of fear ’07/ management,by operating in the patient's 
room,by morphin.by rnalg33ia;f2)exclusion of traumatic 
stimuli by local or regional anaesthesia,by gentle 
handling,by protection of wounds from irritation of the 
air;exclusion of stimulation by stimulating drugs.
The entire process of maintaining the "state of negativ- 
ity"and internal respiration was included in the method 
of "anociation",a combination of methods of pre- and 
post-operative management and surgical technique.In­
tern?»! respiration vn-:s assisted by administration of 
fluids .warrath.blood-trunsfusion, rest, sleep ,and avoid­
ance of deep inhalation anaesthesia .finally,many of 
the phenomena of life were explained,e.g.oxygen,water, 
■-:nd acids were essential,because oxidation and ionisatio 
were essential for electrical conductivity.
Ho evidence ,hov:svsr, existed g ocording to 3aylissi672) 
that static charges played any part in the electrical 
phenomena of the body.Hor was there any foundation for 
the theory of the generation of "neuro-electricity"in 
the brain.
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oECTION IX . THIi BhOOD -AHD CIuGUh; TIOB.
The o h a n g e s  i n  t h e  B l o o d  a n a  C i r c u l a t i o n  f o u n d  i n  
I r a u m a t i c  S h o o l c , l i j e s  t h e  c h a n g a s  i i t h e  C e n t r a l  I ía r v o u ^  
S y s t e m , a r e  o f  f u n d a m e n t a l  i m p o r t a  i c e . S o m e  o f  t h e  s e  
c h a n g a 3 a r e  p r o b a b l y  prim? r y  í -  a t o r a , u t  l s a s t  i n  soma 
c a s e s , w h i l a  o t h e r s  a r e  a e c o n c la r y  t o  o t h e r  c h a n g a s .
Aecording the view 1 * > taken.the 3arrying-©ff
from the in jurad tlssues of v r rioua produets formei in 
the . jessas of di lili tion.i 3 the prim; ry i >t r
in .jases of Trauma tic 3hoo3: associatad v.’ith s ere re 
ri 3ole iestruetion, nd j 3sibly t i orne extent i: the
forrns.jTat Bmbolism, too, though* r 1 rsly of importune*, 
may possibly oceur in suffioisnt dagres in rara o- :es 
to be orinary Tactor,producing effacts by irterfering 
with the p* ssage of oxyi s n f On the other h* id,the trans4 
portution to the tí s mas f v.viygen oboe re a' fren the 
‘•ir in the lunfas is re ad a red i n usou-ta to the neads i 
the organism.,and resulta sscond? rily fro i the f? ii 
of the circuí1 ti n.
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TOMA III I A. AC A CAUOC
OF TRAUMATIC CHOCII.
During tl * Jraat  r, - r: hypothesis w? g advanced tl 1
Delayed fount Shock w; 3 a toxaemia,caused by absorption 
of toxic snbst'nc's formed by -the -utolysig of the in— 
jured ti 3Suag.Both British-Araerie i 2 nd Fr snch - vs 
indeps la bly reacha the 3 .; jonclusion.
For Traumatic Chock • ssocieted with extensive bruis- 
f il ?, this ■: sw p sar 3 to 1 lj va ;j sen pr b v '. 
chock from bnr i-j also . a- rs bo be due to a simil- _ 
gent.But i. ■ •) *.I-1 bo other -'-iristie.3 of Traumatic 
3hock.it i$ 5 mbtful rheti • 3 t< rh t sxtent tl 1
f- 3tor writers.The chain of events following o the b- 
3or tion of toxins la? Is to circulatory failu s.Dilat- 
■tion of the c pill ries directly results from the toxi 
ction of these products,- nd is inevitably ssoci- t e : 
v.’ith 31' goation of the blood-flow in then.Loss of total 
blood volume in native circulation is thus produced by 
this "pooling,Tof blood in the c? .>illari 3 s. Consequently 
failure of the ei renin ti 11 takes place, including pro­
gressive fen of blood pressure r>nd volume of biood-flota
FiCTC OF C LI ■] IC * L Ah:: Hi. hh.IIlh hikb OBhTLU/ TIbN.
2he supposition that this f-ctor exerted - causal 
Influence arose f: >m clinic-"! Observations¿both inlgen- 
5ral and. ip particular.
In g-ener-̂ 1.the time intervai that el'-psed b9tween
4
'j '1& injury and the onset of Delayed Chock appeared to
Cuthbert Wallacef401 Ho  allow for the el* boration of 
toxins. On the o thar hand , 3m ruchf 400) supposed tli;-.t 1a- 
hi’oitory nerve processes were taking place. It npijearad, 
again, that Delayed Wound Shock often depended more on 
infection than on extent of injury. Indeed, "Toxic .Shook" 
was recognised - 3 a separata typef sea DEFIUITIQH).
With infection from 3traptococou3 or Bacillus Parfring- 
ens,rapid effects might be produced,as Cannon(614) 
pointed out.Wounds of hollow abdominal viscera,the 
contents of which v/ere rich in toxic products like 
histamine readily produced shook.
Quenu(337)pointed out that everything that favoured 
absorption favoured shock,e.g.a small orifice in the 
skin with extensive muscle damage beneath,removal of 
a tourniquet,etc.Anything that delayed absorption 
delayed sh -ok,e.g.a tourniquet applied proximally to 
the wound.
¡suppression of the injured region,if not too long 
delayed,might cause the shock to disappear,e.g.a quick 
amputation,or the application of a light tourniquet.
In particulmr.Injured muscle seemed a specially 
common causal factor. Cuthbert .¿allacef 334,401) observed 
that the cutting of large muscle masses in operations 
produced shock,e.g.amputation of the hip was more 
shock-producing than amputation of the shoulder,other 
factors being equal.Large wounds involving 1-rge nniscl 
masses,and small multiple muscle wounds seemed to show 
R special liability to shock, ccording to W*llacef401) 
nid hienuf 33  7). In gas gangrene infection of muscle.
e
however, it became known ( : n  '1. Chorti425 ) ) that absoret- 
ion light > \ ; i  i ' i  1 '  . 1 1  hr - . :  „
Tweedyf078,583)pointsd out that in obstetrical condit­
ions freshly effused unclotted blood was toxic,e.g.in 
ruptured ectopic gestation,concealed accidental haemo­
rrhage .haeraatoma of the vulva,etc.
On the other hand.amputations of crushed limbs,excis­
ion of muscle  infected with gas gangrene,©r application 
of a tourniquet was followel by marked improvement.
Other shock-producing factors,besid es muscle-bruising, 
such as haemorrhage and infection,were eliminated by 
these measures.Moreover,Grilef439)pointed out that men 
with extensive wounds of the extremities,with tourni­
quets applied,mi»ht yet pass into shock and die;and, 
similarly in operations in which tourniquets v: ere kept 
on,shock might still develop.
¡Similarly to muscle, the effects of extensive burns 
probably result from intoxication,possibly,rcoord;ng 
to Cannon(438),by protein derivatives set free from 
the area of tissue destruction.
On the other hand,in the apparent absence of toxic 
absorption,shock might levelop.In abdominal operations 
a.g.Wertheim1s operation for cancer of the cervix uteri, 
it would appear that absorption of toxic products has 
little if any role,but in such cases the prolonged 
nature of the anaesthesia and operation introduce othe 
important factors, e. g. expo sure, a na«sthesi> ,hf- emorrlv go 
etc,
Bazyis^o).however,suggested that toxins from latent
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infection might he responsible for Operative ¡¿hock in 
3ome cases,E,g,,In the interval operation for appandie-f 
itis,death might result in 34 hour3,perhaps from ana­
phylaxis , shook from the opera.tie itself being exclud- 
ed.In suspected cases,he gave an Intradermic test,and, 
if it were positive,prepared a vaccine.
Experimental Traumatic ohock produced in animals by 
crushing muscles,thus imit ting the clinical condition 
"S f^r as possible ,v; . 3 proved to result from toxic 
■ osorpti n from the injured tissues.
Turckf354,501),having first applied an elastic ligat­
ure proximally,then brui je the thigh muscles,and wait 
ed for autolysis to take place,On removal of the lig­
ature, nd especially after massage of the limb,signs 
of shock appeared.prompt and severe.If the ligature 
remained on,or if amputation were performed,no shock 
appeared.If intravenous injection of muscle juice or 
extract,were done,shock resulted,
Bayliss and Gannon^404).Baylissf£95,316),Gannonf614)j 
performed simil* r experiments on etherised cats.They 
found that rupture • nd severe bruising of the flexor 
muscles.produced by hampering them against an iron 
block without breaking the skin resulted in signs of 
Immediate,then Delayed Jhock.The arterial pressure 
might show at first a sh? rp fall followed by a. rise, 
dr no immediate effect night occur for £0 minutes,then 
5 gradual fall took place,reaching after about an hour 
!-0-9o mms.Hg. , i. e, shock level. The respiration became 
increased in rate and shallow,then slower.The pulse
10,3
us-
rat a showed similar changes. 10^
v;EAT Id THE 0 AT Jo E OF THId ThA.TJi if. TIG 1H0GII?
These facts obtained by observations in Clinical and 
Experimental Traumatic Shock,end in experimen suggest- 
eJk as the c> use of the condition toxins absorbed from 
the injured tissue into the blood.This suggested cause 
must now be tested,and first of all,othehpossible 
al factors may be eliminated, 
f 1) . NE^TJUd iyi.HJhNCn.
That nerve influence might be a chu3f1 factor was 
sftvgssted by Crile(439) He ' sserted that trau.mat.i3in 
of nerve tissue alone without touching any other tissue 
could cause death in animals.He showed that nerve, 
"blocking" by local novoeaine infiltration,or by spin 1 
anaesthesia,did prevent Operative dhock.moreover,he 
suggested that Nitrous Oxide and Oxygen was a specific 
preventive in shock through a protective -ction on the 
nervous system. Leonard Hillf472)sufgested that violent 
nerve stimulation/light evolve these substances in the 
cell3 .Enquiry by Gannonf438)of men in wound dhoek,how­
ever, showed that complaint of pain was rar®.
Elimination of this factor,- s shown by Bayliss and 
Caunonf (264) ,Bnylis3(405) , Can. on( .,06) ) .gave no change.
If the spinal cord or the nerves of the limb were cut, 
so as to disconnect the region from the Central Nervous 
System,the fall of blood pressure still resulted, 
ilervous reflex stimulation through the afferent nerves 
could not therefore be the cause.
dor w s it due to depression or exhaustion of the
Central Nervous bystem with gradual loss of vnsocon­
strictor tone.For Cattail(quoted by Cannon( 6 1 4 ) ) , using
Bartlett's method(see «UEPGmEL LILATATIGE a*  ^T-hIEo
later),found that the r- te of in-flow of 3 cos. of norm­
al saline at constant pressure through the femoral 
artery of the other hind limb always showed a gradual 
increase in the time of inflow,!, s.? ieere » in the 
T' te#
( 2 )  . F AT m :d ’L I  HI.
T h i s  w? 3 n o t  t h e  j a u s e  , f o r , a c c o r d i n g  t o  C a n n o n ( 6 1 4 ) , j 
he l u  . 3 3h >wed ic seu " n  o f  f  t ,  r  d i d  the  
r e s p i r a t i  >ns jh .g e , e x c e p t  b y  b e c o m i n g  :.ore r a p i d  and  
s h a l l o w  ''/'hen t h e  b l o o d  p r e s s u r e  f e l l ,  and ¡h en  s l o w e r .
( 3 ) . L036  OF BLOOD A b l  LYMPH a - ' . a . j. . .E ClSCUL TIOfl .
Chis lid not c- use it.Though the damaged tissues rename
much s roll in rith blood, and lymph,yet bl s iif: irence 
iight of the intact • i i ljured limbs s o ily 10 
g  o f  the estimated blood volume,••-.coording to Bayliss 
:■ J'u .onfloc. sit*).Bayliss(311,324)found that after 
slight loss of >lood the fall of blood pressure v;• s 
g r v-- tly incra* sed .while inti re nous gum-saline ight 
prevent the fall or restore it.He supposed,therefore, 
■that the toxic substance w- - thus removed or destroyed
(4).ACAPNIA.
This did n o t  cause it,In the experimental condition 
Cannon(614)observed 10 ’ y loe? for some ti l a ,i id 
later the respiration was lot deep enough,Moreover,if : 
'he oreathing were kept uniform rrtificially,shock w-s 
produced b y  muscle injury in the same way.
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T h i s  ’ lo t  t h e  c a u s e  o f  t a c o n d i t i o n ,  >ec i s e , ?  -
•: 5 shook 1 l e p e n e d . - t h  s t h e i  w 3 i d m i n i s t e r s d  more
l i g h t l y  and y e t  t h e  c i r c u l  in l i d  n o t  i p r o v e , a c c o r d  
i  g  to B a y l i s s  and  C a n n o n f ( 4 0 4 ) . B a y l i s s f 295,316), 
G a u n o n f6 1 4 ) ) .
( & ) . TONIC ABSORPTION.
'These p o s e  i b i s  o uses o f  E x p e r i m e n t ' * !  T r ' u : r  t i c  ¿hoc]}:
p - j  )© i  s x c l u d e d ,there ram i  so b e  c o n s i d e r e d  the
o-ivj.-,g o f f  o f  to: -  i c  m r . t e r i u l  i n t o  t h e  c i r c u l a t i o n  • nd
the • i s o l a t i o n  of it.
T u r e k i 3 5 4 , 5 0 1 ) f o u n d  t h  t  t h e  t r  n s p l a n t i n g  o f  a u t o -
lysed tissue or injecting the extract of 'utolysed
muscle into homologous anim 1 • gave death fro . 3hc 3k,
:r y l I s - :  and Qannon f  ( 4 0 4 ) , B a y l i s s ( 4 0 5 ) , 0  3 106 )
venv
found that, if the aorta or inf eri or^cav or the iliac 
vessels were clamped or li ■ bed d iri lg the tr uuatis? Or­
ion for 33 minutes, o fall in arterial pressure result­
ed .But,-when the ligature was removed,the blood pressur 
fell to a, low level and si-" is oi 3hoc . apt a red,espec­
ially if the muscles were .Iso 33 ged,If • . e x x - -1 \jL-cx 
were kept o : • 3 he li ib am utated, 10 shod: occurred.
I b T ud hd O U , ,  I N J U  Ir . j  QP Cd.. I MUSCLE M T K A O T S .
The b u l k  o f  the  e x u e r i u e n t s  show t h a t  s u c h  i n j e c t !  u 
does c a u s e  s h o c k .
V i n c e n t  and d.  esn f  2 1 )  showed i n  19 03  t h a t  w - r e r v  e r -  
t r - . c t  o f  m u s c l e  m i g h t  c a u s e  v r u o d i l ;  t.* t i  n  nd ■ temp­
o ra r y  f a l l  o f  b l o o d  p r e s s u r a . e v e n  f t a r  s e c t i o n  o f  t h e
Illf 5 ). £ i -'BSTHSkI .
vagi ©r pí 1  lysis by ? tropi i, Ja; is (32 )f< und ti t 
3 1 : 3f mus el , iad ¿ o na into rigor,produeed
vsolil'-tation of the .intestinas * .nd - full of blood 
iré sure.This >cei red sthez the laotie cid i the
ira3 e 1  e were sutr-'lised o : i• ot.
Delb et (396) ni so fouud th t th i r-tret from the crusi 
id bis ’ 1  anímala,especi lly rata, ■ rs toxic ffecl
injected into other nimr.ls of the same apeólas. 
?olypnoeaflos3 of reflexes,? id s i? .• ltí i.He 3 . sst 
sd th: t bh-s itrbng newt' di st of the soldiers i- ? ronce 
h. ] b r i >dis 3ed to shock,as the carni-
us gi * r bs * i to 3 ira íore 5 i¡ ti ) 1 ;h h
the 3rbivero-:3 :iue -jigs.
I N J E a i I O b o  0 1  B L O J l .  -h . I )  .■•■•L.ñJII .
L i n d s  y  and m d l e  B s r t í  2 5 ) f o u n d  bh t  1C - 3 . a i  bhs 
i l o o d  o f  ho h d t  l i a d  o f  lí/onnd B h o c k #i n j  ><
ed i n t o  a r a b b i t , e ? r  sed 10 el o i g a .
Hacenb l  j , he rev r , C g  mi d1 3y nd Ko z -  r  u_ ( )of
Ganevn found th* t injeoti of serum from niut.l 
Vvith tr u • t! o shock into a "toirv 1  ni; 1  of the s ra­
spe c i e 3 re ' • , * 1  ;; :•
’ 3ath. Th ' nunissd i 1 ith serum, i fe 1
severa tr va- li' 1 01 the.. -iva shock, nd th: t the 




GRQS j- C I n C .. • ION ' . .1 IV3.
T1 js© offer so Lcting svidence,but , hole,
favour th 3 jos sib id i by of Tr i sic oh: ol being cm. 
by toxic bsorpti
. ile( 1 5 6 , 5 1 3 , 561)f ........... * fc, if fcha ?ireul!■ tion of
twi logs /era ji . = id by - iomosi their carotid
rteri •. id jugul r vsi is ic ily o ie lo| i 3 trau -
atised, listological brain cell changes wore mo : rk-
i:l in the traun tised log.
I ter.l - ■ - ,C rniolej id Zot3areff(57£)of Genavi 
foil 1 bh t,3 erossed-eircu! ;ion in rabbit ith
the product! n of tr» unr- ie 3hocl: by crush!.r the
muscles i i o 3 r* ibit.t) 3 other Iso develo] - 3igns
of ahock, including fall >f 1 ; i re,fall of 
tamper tare, nd somnolence.
Rsc ltly Mclver id ”• gg> rt(589,659)from cross-circul­
ation experiments - 'so reached the conclusion thr t son
SvhftiHce
toxic.' isorb 1 fi i the ti urn bised area,To avoid A
exsanguin .1 i of t 3 normal animal,they selacte ;
hinder part of trie c t*s body for trnunr bi sat ion, 1 
by anastomosing the icrtr a.' the inferior venr c*'vr 
just bove th 3 bifurc- ti , the circulv bion of that re 
was taken over by V e norm*' 1 cut. Ahe cats 'ere under 
urethane h nd the body heat was raaintsined. The > nastom- 
osis w- s effected by paraffined glass cannul' .On 
establishing the cros3-circulation,the blood _ressure 
generally (in 9 out of IS cases)fall to the shock leva 
mostly within 30 minutes.Gentle massage of the troumat- 
isid legs caused a. drop in pressure.With five controls
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no shock appeared,except in one case.In three cuses 
out of twelve.no fall and no shock occurred.
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ANALOGOUS 0PhDITION 3 .
The process of analogy from *• large number of símil r 
instances also suggested a similar conclusion as to the 
origin of this condition.
"Histamine Shock" .
A condition of shock closely resembling Delayed Trauml 
atic Shock,at least that due to muscle injury,could be 
produced i i etherised -nimals by an intravenous injectl 
ion of a relf tlvely !■ rge dose of histarai is.This co l- 
dition was discovered by Dale and his coworkers(304,402, 
403,634),and is described in the section on Experiment!
■ : 1 Triouii:-tic ohock. These workers showed tdr t in this 
condition a dilat tion of the capillaries,smallest 
venul3 3 ,. • nd arteriolas,wi th stag nation of the b1o od i n 
them,was present,accompanied by constriction of the 
arteries and veias.Consequently,the blood volume in 
circulation was red-iced, the veins and heart chambers 
were emptied,and the circulation failed from acute 
oligaemia. "Hist‘¡mine o'lock" was, therefore,supoosed to 
se analogous to Delayed Wound Shock,in which also a 
prominent feature wrs th 3 oligaemia,
Acute Tox‘- emias.
A large number of bacterial toxins also had a similar 
affect on the capillary circulation,e.g.the collapse 
°f Cholera,
diphtheria,in the toxaemia stage,» s pointed out by
Hariingf532)resembled Delayed Wound shock in cert in 
mgns.The reduction in cardiac output,the slight oedemf 
or "lymph-bogging",the incrs- oe.l specific gravity of the 
blood,changes in the adrenals of hyperchromatism and 
hypochromatism, 'era present in both conditions.
Acute septicaemia, as , rme infaction,the latèî 
stage of malignant oederv ,••coording to Howard(541 ) , 
acute peritonitis,acute infective pancreatitis,etc, 
resemble Traumatic -hook in their effects,and m a y  oe 
srpl- inei by supposing that to-'ins c u>e them.
Toxaemia from intestinal ob : trucbi:n appears » n logout 
also.'..’hippie and his co 'orkers ( 258 I found that tox ami a 
produced by isolating loops of intestiie or by duodenal 
obstruction in dogs,caused signs of shock.If those loops 
vers kept septic,however,shook vas absent»according to 
Dregstadt and co .rorkers(566 ).
That primary cell injury might be the cause of Traum­
atic Bhock was suggested by ’.he work of V/hip le and his 
coworkers(3 78,379 ,380,487,483) .rwPpid depletion of seruii 
proteins was brought about by repeated bleedingspad the 
introduction of warmed re' blood corpuscles,suspended 
in protein-free.modified Locke’s solution,and keeping 
the volume of blood removed equal bo the volume of blood­
cell suspension injected.Rapid depletion of total 
protein could rarely be carried below 1 a without caus­
ing a fatal reaction.The increase of sarum-protein 
concentrât! n "Tas 't first rapid .probably from a reserv 
in the body cells,especially the liver,then uore grad- 
u‘l,but slow and in strikiiw contrast to fibrinogen,
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s e rsir
blood plasma protein(378) . ..ith a meat diet,the regen- 
3ra tion /a a mo re rap i d ( 3 79 ') .
These observers(380,488)found that,after even moderati 
jlasma lenisti ni,preceded by liver iii.1u.ry, a. fatal shod 
reaction took place.Bossibly the injury of the liver 
ells,which w*'3 effected by chloroform anaesthesia or 
phosphorus,and which was thus associated with a f, 11 
if blood serum protein,w s partly responsible,Regener- 
ition v-'-ag aigo delayed by it.E.g.lek fistula dogs aere 
rt?ry susceptible to shock by pla sm» dspletio n. They 
joncluded th* t tbs liver w  s probably concerned ir 
. int* i li the normal level,which it kept very -t able 
joth in he-'lth nd dices sa(330).
An p h y l a c t i c .Shock .
This -.onditi en also ppeared to be nalogous to shock
due to toxaemia.
Hichet • nd his c o  • o r’c a r s ( 412 ) d i s o o • • e r a d Ibis cnh: tio
It : - s  o used by large lumber of various suost ness
of animal 1 . re it ile ri in. Th ey sho hat,
weeks iter • _ h'u.' rr" injection, • econd injection
always p r o d u c e d  ar phyl ntic 3hock,Diluti ics.
sorse plasma with 9 tim • isotonic sodium chloride,
or rendering the blood hypertonic 1 th 75 cos.of 2 0 ^
sodium chloride,y n h> nr eafore the injection of the
»*(“
corse plasma i ito dogs ,pr 3vented.Prob-'bly ther e strong
A
doses of s It protutvi if* e n er-ae cells bo s t'u hig
c,ban, i thus rend eri then less c op able of fixi
'-be poisons on the ir pro hr "i • i.
Trecediug the signs if yd ; (sea dlFi'ERBRTlAL
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DIAOiJOblB) , -• cooruing to 'iM, 3 »loo d "crisis” , 
ri z. udden le truc ti u »rythrc îyt ¡a, lauco mi ,
diminuii n of blood el- tel et , nd ;;re--t -.Iterati - in 
coagulability of the blood,This eonditi oj ;]
1.V--S sun os-ul by /id .1 u ' hie coworkers to be - bio­
physical process, sudd ~ -u ace of i t tic 1.1- 
ibriui f ' slood col' ids,i.e.] emoc 1 is.They(529 
• -cordi lgly explained n-u/.yl-- ::i3 • 3 being due to 
îolloi 1 si i : r lestructic 1 of coll >i , idit-
ion to ’•* e )lood, t i e col' oil 3 of 11 the cells of the
body,includi ig the Cei br 1 erv stem, me prob 1
if feet e-' .This shock w s not chemic 1 process,but n 
ups it of physic 1 bnla-.noe between colloidal structures 
-. - ; •, ' • oli idi ' Hop LC39WS 7C 1 , Bio rdf >71), 
i pc retfoi . . io b i ilar vie 3.Bicard ugg93te 
bb b the ysicnl process : fie 3ams in anaj yi ctic
and rsenical shock.The fi icud i of bhe . e m
iructi ‘ bhe capi 11 tries and nox~amia.
> 3ium Ca r  b e ,h e  fo u n d  , _ eût j ■ ■.
Corninoti 1 3h cl i t '  ■ used r< >1 r
i s  t' e same u- y ,  tu :  c i r c e  f  the esulo i i l i  ¡ tur  i r 
the s t a t i c  e q u i l ib r iu m  o f  the c o l l o i d a l  u sture  .
! »se UxXrijj _>I. i ,
Moore(413)reg-rdad shock s - disturb .ce of o 1 oce 
between the colloid -, of the olood .1 calls 'id the 
oryst; l l o i d s . l i t h  the : i m inuti o n  in olood volume,tk me 
w'i3 ' rei- ti ve l o s o  i colloid comi red with, cryot-
i- l lo id . The crystalloids » h a v in g  no colloids to ihor 
u 1 'bli nefon t e . to -3 out. Be tvaen colloid -nd
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cryst lloid,h© in i:Hf! :".i, t oleculrr mi." a or 
• Igorybio' .
McDon ;hf 73) cl iraad t ; hg - ;, nd litri
Soi ' crises,© 3.’ »re in ; ibis 1, r. ‘.11 ' i© to w^s 3t of 
the "0 m  1 JT-io:a o. i.rentx tioufsee Inter).
'.VHAT 18 IT ., TOnlC I'JnhT?
x-1 3 • cti * © ••rat ..•resnmrbly is produce ay , * c t- -
>oli3 . f th3 in ju ¡3 tis ues,3e id© 3rush.©d luscl©,
,v vr ti ni y c . : cio si is,e.g.crashed
LiTar.ext] r - bed >lc d, inched intestine, scordi . :c
l.-no f 511 . otic si ' .1 protein .3.. i " ti'es for
the cii-f jroducbs in t’ is process,
h ; ‘ t' r 5 gsnt is,certain nr >p r ti e
■ s b d it .3 rlis fT . . f id tl < ro 3 bly ,. a
jxiiieei, a t';e effects ox injection of muscle extract, 
■’ : ■ 1 ■ 1 o i rigo o rt i s, so on | ssed off.
O'-irnon’ ■ ng eni t • f 511; • .i.lic te • t t it ■' • : r; ;
Ly limited by ’-1 e injury. I; the d o  i ressels . e tisd 
after the tr- u r • i : ter the )le d •>x • wswre had fall© 
the pressure might rise then to the origin 1 level. I?oi
'V,:S bb.e ©ffect permanent,for,if the injury were not
great,the blood ? lights] ent neously be istored
Lacticj^ d.
A’latch© r • nd Hophins h 1 shorn t'rt this sub stv.no e 
formed in rxoised muscles when they ware crushed. 
Baylisgf32713 2 2 ) ,Cannon(2 5),? id Maclsodf540),ho ivar, 
definitely excluded this subst••nice. If the 1- otic rcid 
in muscle which had gone into rigor mortis were
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neutralised,injection of the jxtr ct still gave fall 
lo id pi is ure.The Ikali reserve .moreover, n 3 lot 
decreased in the first fall in Ixperiiaentwl Traumatic 
Shock.produced by crushing muscle, nit only during- the 
second fall .The ' aox smia due to this low ilo id pres s- 
are night cause the forma-ti on of 1* otic oid in the 
tissues .os m by h i in 1891. ■ 3 i co se uent 
decrease of blood alkali.In the case of experimental 
shoch,duo to manipulation of the duodenum,T cleodf540) 
found a-,i increase of lactic aid in the blood only 
iter the blood pressure h-• d fallen permanently to 
shod: le r-‘l.The amounts of lactic ncid in muscle before 
and fte shock were inconstant.Then,! jecti n of lact­
ic was innocuous in shoe’: from muscle injury,and inject­
ion of solium bio- rbonrte lid not prevent 'the o si; of 
shock. In the case of Cnval i nd Aortic ;3hock,B-vlissflocj.
@it,)attri uted the f,;ll of blood pressure as -due large-
*
ly to the in-flow of blood,containing dil 1 or .-tabolitea, 
produced by thi 1 sphyxi , into the blood vessels.which 
thus became dil- te '.Prob- bly,ho.- ever,the j. roduots a. 
Partly cid.beo- e the nepirati . -s raj.il a;id deep- 
like that clue to increured A-Ions.
HlSTiulIuh.
Though sugge by soma observers, this substance \ 
not claimed as the -dive agent by Dale(304,402,403).
-T9 regarded it merely • s - convenient gent in produc­
ing experimental shock.It w: s pointed out that histamine 
night possibly be formed from the amino acid,histidine 
in the hydrolysis of the tissue oroteins.But there is
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no evidence that histarnine itself is the o•*Use of this j 
shook producei by muscle i jury,though it probably is 
given off olien the tissues re :T--ragged, scordi jg to
ion(614) .Dale nd his coworkers(634,635)demo str* bed
.
th t histamine,and even ïxtr ct of any tissue, ided to! 
perfusion fluid r'nc! injected intravenou ily, c-uised 
vascular did 'it ti.m.is contrast to dreni - and the ! 
posterior lobe of pituitary,which caused vasoconstrict} 
ion. It seemed prob* ble, therefore,that the toxic agent 
■ of an i n lagous u ture to hi starnine,tl oi gh not 
necessarily hist mice itself.
PliOTEIU DihilT ' TIVdi.0 .
Heidenhain h*>d shown in 1891 that injection of peptone 
gave a low blood pressure nd a rr rksl concentration 
of the bio d. Tlii 3 \ s probably due to ine re- sel . er- 
nea’ollity of the capili* ri es, s ìtarling had shov. n in 
1894.7incent • .nd Sheenf21 ) .moreover,h- d found in 1903 
that watery extr cts from several tissues,including 
muscle.might give these effects.
Peptones or Proteoses, formed >y '.igesti n or • utolysiö 
of the i ljored tissues by enzymes were suggested by 
Turchi354,445,501).He celled the extract which : s 
specific to the species,"cytost”,and the immunising 
substance, ”• nti-cytost,T ( 538 ). Q,uenu(il4 ) r.t first suggest­
ed ih 1917 th't toxalbumins might be the active agent, 
later,however,he ,• s well as Jeloet, simply regarded the! 
products of mitoly3is of injured muscles as responsible. 
He suggested,too,th”t probably the liver w* s less • ctive, 
•■s the non-protein nitrogen in the blood ■■■■nd the
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k e to n e  h o l i e s  i n  the  u r i n e  .'ere i n c r e a s e d .
Duval nd O r i g - u i t ( 3 5 2 )  s u g g e s t e d  t h a t  t h e  n i t r o g e n  
Reserve  was t h e  t o x i c  a g e n t , and p a s s e d  o u t  i n t o  the  
i r e u T ' t i o . o  s s. r e s u l t  o f  th e  d i s i n t e g r a t i o n  f rom  
traum> . T a l l f a  end 3 a z y  c o n s i d e r e d  th  t  nix- e r o h e s  were 
the a g e n t s  i n  t h e  d i s i n t e g r a t i o n .
The l o n - p r o t e t n  n i t r o g e n  in  the  b l o o d . I n  the  a  ae o f  
Wound S h o c k , F r e n c h  i n v e s t i g a t o r s  f o u n d  an i n c r e a s e .
In t h e  e a s e  o f  E x p e r i m e n t a l  Shock f r o m  p r o t e o s e  i n j e e t 4  
i o a ,7 7 h ip p ls  and c o  ' o r h e r s i 2 6 7 ) o b t a i n e d  • s i m i l a r  r e s u l  
A f t e r  p r o t e o s e  i n j e c t i o n  i n  do>~s,a g r e a t  r i s e , e - sn 100 
p , o c c u r r e d  i n  the  n i t r o g e n  s l i i i n a t i o n . r e a e h i n g  h i g h ­
es t  i n  the  s e c o n d  24 h o u r s , a n d  f a l l i n g  i n  4 d a y s . B y  
p r e v io u s  i n j e c t i o n , t h e  a n im a ls  c o u l d  be im m u n ised . They 
-a;--e - ; t e ’. : u b  i n j u r y  o f  the c e l l s  had r e s u l t s ’ , 
consequent  d e s t r u c t i o n  o f  p r o t e i n s .
S im i la r  r e s u l t s  veers o b t a i n e d  b y  t '  ace o r l m r s ( 2 6 8 ) i n  
"ogs w ith  i  so l  t e d  l o o p s  o f  i n t e s t i n e  and d u o d e n a l  
o b s t r u c t i o n .  The r e s u l t s  h e r e  t h e y  a t t r i b u t e '  a g r i n  t o  
i n ju r y  o f  t i s s u e  p r o t e i n  / i t h  c o n s e q u e n t  ••-reat r i s e  i i  
the n i t r o g a  i »11 lin? t i o  , c a u s e d  - t h e  p r o t e o s e  i  t o x i e j -  
a t id n ,D ra p 's ted t  and M s  co w o rk  e r s ( 2 6 6 ) , hover-a . f o u n t  
t h a t , i f  the b--> a t a r i *  "ere r e m o v e ' , o r  t i s s u e  n e c r o s i s  
prevented , o r  i f  t h e i r  b l o o d - s u p  i l y  were  c o m p l e t e l y  o c ­
cluded - n t h e y  ware a s e p t i c , l i f e  m ig h t  c o n t i n u e .
S im ilar  r e s u l t s  a p p e a r e d  e f t  er a c u t e  i n f l r m m a t i o n s  - nd 
s u p p u r a t io n s , e . g . p  e r i  t o  n i t  i s  , s n o t i o n  emia , e t c . , - c c o r d i n g  
io Whippls and c o w o r k e r s ( 3 8 2 ) ( 3 8 3 ) ,  40 i n c r e a s e  o f
n o n -p ro t e in  n i t r o g e n  i n  t h e  b l o o d , e s p e c i a l l y  th e  u r e a
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n i t r o g e n , r e s u l t e d .  In  t h e s e  c a s e s , i n t o x i c  t i o - i  due t o  
r a p id  a u t o d i g e s t i o n  o f  t i s s u e  p r o t e i n s  presura- b l y  was 
r e s p o n s i b l e ,
In t h e  c a s e  « o f  E x p e r im e n t a l  T ra u m a t ic  S h o o k ,p r o d u c e d  
b y  c r u s h i n g  m u s c l e  , /.ub and V/u(499 ) d e t e c t e d  an i n c r e a s e  
in  the t o t a l  n o n - p r o t e i n  n i t r o g e n , A s  t h e  sh ock  ' e v a l o p -  
s d . t h e  tot?  1 n o n ^ -p r o te in . i  i ; , era- t i n ,  and -u. ■ r  i  l e réa  -  
ed , s l i g h t l y  t  f i r s t ,  then m a r k e d ly ,  e s p e c i a l l y  t h e  
e r e - - t in  and s u g a r .  The i n c r e a s e  t e n d e d  t o  run p a r a l l e l  
with tli » d e g r e e  o f  Shock .Th® r i  se in  o r  i o t i  1 m s  p r e ­
sti b l y  3 u sed  b y  the  musei i n e c r o s i s . T h i s  i n e  re? sad 
ere« t i  a , h o w e " e r ,  : -s n o t  t i c  o u s e  o f  t h e  h o c 1. : , b e c a u s e  
in  . l a r g e  d o s e  e r e  t i n  >/' s i n n o c u o u s . O ther  s u b s t a  n n  
l i k e  h i s t a m i n e  w ere  p r o b a b l y  a l s o  l i o e r -  t ed  and m ig h t  
be the  c a u s e . He due t i o n  o f  b l o o d - f l o w  and o l o o d  p r e s s u r e  
w ith ou t  c r u s h i n g  g a v e  o i n c r e a s e .
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•VHAT l ì  THE JAblEICTICH Or THIo r0*_ M I
The v iew  t - k e n  i n  t h i s  T h e s i s  r e  ■* rd s  th e  c a u s e s  i n  
'he two t y p e s  o f  T ra u m a t ic  Shock a ~ d i f f e r e n t  t l e -  s t  
in d e g r e e .  In  C om aot io  i- .1 ;’h o c k  t h e  p h y s i c a l  r o c e s s  o f  
o o l l o i  l o à l a s i s  seems t o  o r e ■>onderate ' n  c  v is in g  th » 
c o n d i t i o n .  In  Imm ediate  T r e u u n t i e  Sh ock ,  i t  seems p r o b a b l e  
that r e f l e x  n e r v o u s  ch a n g e s  f r o m  • f f e r a n t  n e r v e  s t i m u l ­
a t ion  due t o  s e v e r e  t r a u m a , fo rm a  t h e  c h i e f  c a u s a l  f a c t ­
or,  f r o a n o i y  the  t o x a e m i  kes no p a r t  i n  the  i n i t i ?  a i  ; 
h* im m ediate  o n s e t  g i v e s  no t im e f o r  s u c h  a b s o r p t i o n  
In Delayed T ra u m a t ic  -Shook . h o w e v e r , t h  ' a tox a  ernia e x e r t s
d o m in a t in g  i n f l u e n c e . I t  i n i t i a t e s  t h e  t r a i n  o f  event  
l e a d i n g  to  c i r c u ì ' - ' o r y  f a i l u r e , •• id a l l  the  s e c o n d a r y  
p r o c e s s e s  t h a t  t a k e  p l a c e  t h r o u g h o u t  t h e  o r g a n is m .T h e  
t o x i n s  a r e  su p p o s e d  t o  c a u s e  ■ w ide  c p i l l a  ry  d i l a t a t i : : n.
I n e v i t a b l y  a ssoc i* ' - t e d  w i t h  t h i s  change  i n  th e  c a l i b r e
o f  the  c a n i l i  r i e s  i s  a f a l l  i n  the  v e l o c i t y  o f  th e
b lo o d  31ream i n  t h e  a , i . e . c a p i l l a r y  s t a s i s .  The vo lum e oil
b lood  i n  t h e  a c t i v e  c i r c u l a t i o n  i s  a t  t h e  same t im e
¡o n s e q u e n t l y  r e d u c e d , t h e  volum e o f  b l o o d - f l o w  t o  th e
l ig h t  h e a r t  i s  l e s s e n e d , a n d  t h e  a r t e r i a l  b l o o d  p r e s s u r e  
7 ow/eve4
is  c o n s e q u e n t l y ,  i . e . c i r c u l a t o r y  f  a i l u r e  .Inox- '  amia n ex t  
A
s n s u e s . d i t h  d e f i c i e n t  b l o o d - f l o w , b h e  o x y g e n  s u p p l y  t o  
the t i s s u e s  i s  i n a d e q u a t e , and t i s m e  o x i d a t i o n  and r a ­
sp i r a t i o n  a r e  i s t e r i e  e d w i t h . Frota i m p e r f e c t  o x i d ? t i o n  
j th e r  t o x i c  s u b s t a n c e s  r e  f o r m e d , a i d , b e i n '  d i l a t o r  
a a t a b o l i t e s  . d i l a t e  th e  c a p i l l a r i  es e t i l i  f u r t h e r ,  A 
v i c i o u s  c i r c l e  i s  thus c o m p l e t e d . T h i s  v i c i o u s  c i r c l e  
explains t h e  p r o g r e s s i v e  n a t u r e  o f  t h e  e f f e c t , a n d  t h e  
want o f  t e n d e n c y  t o  r e c o v e r , a f t e r  th e  p o i s o n  M s  a c t e d  
f o r  some t i m e , S e c o n d a r y  c h a n f a s  i n  t h e  v a r i o u s  sy s tem s  
'a su i t  f rom  t h i s  r.n o x a ernia, c h a n g e s  a f f e c t i n g  ’t h e  CentrajL 
larvous S y s t e m , b l o o d , r e s p i r a t i  n , i n t e r n a l  s o c r  ' .ti«, .ns, 
amp a ra ture  re g u l -  t i o n ,  e t c . ( s e e  BLOJD AliD C I a g U-A»TI- li ,  
to.  ) .
A b s o r p t i o n  o f  t o x i c  s u b s t a n c e s , t ' . i e n , s o m e t i m e s  p r o ­
duces Traum atic  S h o c k , b u t  n o t  a l w a y s , I n  th e  a b s e n c e  
° f  t o x a e m ia , o t h e r  f a c t o r s  c* :n p r o d u c e  Trauma t i c  Sh ock ,
O i l  H A . E i . 1 0  G r L 0 1 3 1 3 d  .
J a b o u l a y ( 2 8 ) a d v a n ced  the  t h e o r y  In  1904  t h a t  t h e  
f o r m a t i o n  o f  i r r i t a t i n g  o x y h a e m o g lo b in  m ig h t  c a u s e  
shock  b y  a u t o i n t o x i c a t i o n . H a  f o u n d  t M t  the  oxyhasm o-  
g l o b i n  i n  s h o c k  was more s t a b l e , a n d  u n r e d u c i b l e  t o  
reduced  h a e m o g l o b i n  b y  ammonium s u l p h i d e . T h e  o x y g e n  
was thus not  u t i l i s e d , t i s s u e  o x id i  t i  n and r e s p i r a t i o n  
were a r r e s t e d , a s  t h e  o x y g e n  was n o t  p a s s i n g  f rom  th e  
b l o o d  i n t o  the t i s s u e s .
Ho f u r t h e r  e v i d e n c e . h o w e v e r , s e e m s  to  have  b e e n  b r o u g h  
fo rw a rd  i n  s u p p o r t  o f  t h i s  t h e o r y .
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Bat Embolism i s  u s u a l l y  n o t  a c a u s a l  f a c t o r  in  Traum­
a t i c  S h o c k .B u t  in  some c - 'S e s ,  i t  may be  p a r t l y  r e s p o n s ­
ib l e .T h e  two c o n d i t i o n s , h o w e v e r , a r e  d i s t i n c t , a n d  ,v;hen 
o c c u r r i n g  l o n e , l i f f e r  i n  s e v e r a l  r e s p e c t s .
Fat Embolism w; 3 r e c o g n i s e d  a s  an im p o r t a n t  f a c t o r  
in v a r i o u s  c o n d i t i o n s  such  as  s e v e r e  f r a c t u r e s . p y a e m i a  
e t c . b y  German o b s e r v e r s  f r b n  1 3 o 0 ( s e e  M a n s e l l  M o u l l i n  
(2)) ,Ir i t e r , t h e  s u g g e s t i f  îade y :  s e v e r a l  o b s e r v e r
including- C z e rn y  and P . n r k ( 3 ) , -hat i t  m ig h t  be  a c a u s a l  
f a c t o r  in  t h e  p r o d u c t i o n  o f  s h o c k .
GLIJjic 'h BIGHb .
These s i g n s  w e r e " a i r - h u n g a r " o r  d y s p n oea  .pulnon?  ry  
°«dema, eve-: hr e m o p t y s i s  ; r s l  ©s on u s c u l t -  t i o n ,  i ; t
v l o b u l i  In  t h e  u r i n e  , b l o o d , and srr.itu.ra. 
j; ACM  "hi. ..I '-r ~ ) IMOU '.u  In  J -•! . I J  ' 3  EH-
PEHIM EimL SHOOK.
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M l i t  5® r ( 3 6 ) p o i n t e d  o u t  th? t , i f  f? t smbolism we re p r e -  
3»n t  i n  Tr ums t i c  . j ' i o e k . c l i n i c a l  s ig n s  o f  51 s h o u ld  be 
ob j r v e d . T h e s e  3 ig n s  . h o w e v e r , a r e  l o t  g e n e r a l l y  p r e s e n t .  
There i s  no r e s p i r a t o r y  d i s t r e s s , n o  p r o m in e n t  v e i n s , n o  
s ig n s  o f  p u lm on a ry  oedem n.
B i s s e l l ( 2 0 8 ) .h o w e v e r ,w  3 the f i r s t  t c  d e m o n s t r a te  th t  
f ° t  »mbol ism and s h o o k  d id  som et im es  • c com p -n y  one  • i . -  
o t h e r . He f ou n d  re.n- rk o l e  mount o f  f  t  i  . t h e  v en ou s  
b lood  s t r e a m ,u p  to  65 ,3 , in  c a s e 3 o f  f r a c t u r e s . ThO'igh.
depth d id  n o t  r e s u l t , i n  some o f  t h e  c a s e s , s h o c k  d s v e l -
poin.te.ii.
oped l a t e r . M o r e o v e r , s s  3 1 s s e l l ( 8 7 3 ) o u t  . p o s t - o p e r a t i v eA "
shock was more f r e q u e n t  i n  f a t  p e r s o n s , F a t  e m b o l i , he 
su g g es ted  .m ig h t  e n t e r  b y  t h e   ̂ t i e d  c e n t r a l  ends o f  he
v e in s .
VJ0 e
During- the War, o t h e r  o b s e r v e r s , i n c l u d i n g , P o r t e r  (2-59, 
261 , .325,446)  . n o t e d  th - ’ t  sh ock  w- s f r e q u e n t  in  s h e l l  
f r a c t u r e s  o f  the  fem ur * nd in  m u l t i p l e  wounds t h r o u g h  
subcutaneous f u t . I n  the  f o v . i e r  c«-s e s , t h e  o p e n i n g - u p  o f  
t i e  bone m* rrow  a l l o w e d  the  a b s o r p t i o n  o f  f a t .
3utton(2J  7)a l s o  s u g g e s t e d  the  c a u s - - l  r e l  ticuship-- o f  
f a t - e m b o l i s m  and 3hoek i  ■ some c a s e s , f r o m  h i s  f i n d i  f 3 
at a u t o p s i e s  .He f o u n d  th f  "<, ■ f  t e r  1 e a t h  f r o m  s h o o k ,  f a t  
g l o b u le s  c o u l d  b e  s q u e e z e d  o u t  o f  t h e  b l o o d  i  i th e  
s l i c e d  lun g  i n  10 ,1 o f  t h e  c a s e s . T h is  was p a r t i c u l *  r l y  
n o t i c e a b le  in  f r a c t u r e s , won ids o f  f a t t y  t i s s u e s ,  n id
"N om in a l  wounds w i t h  l a c  :r- t i o n  o f  the  l i v e r
m i c r o s c o p i c »  l l y  
B l o t t i  ô 3 l ) f o u n d  f  - t - e r n b o l i s m .  i n  th e  b r  i n  v a s . s e l s  in
th r e e  c a s s a  o f  Wound uhock  v.'ith compound. comminutad 
f r a c t u r e  and much damcve t o  t h e  s o f t  t i s  s u e s . Howev-er, 
he d id  n o t  t h i n k  i t  s u f f i  o i e n t  t o  c a u s e  d e a t h .  n i g g e r s  
(231 ) found  t h - ' t  i n  Trruraa.tic ô h o c k , t h e  p u l n o n a r y  a r t ­
é r i e l  p r e s s u r e  w? s r e d u c e d , a  id c o n c l u d e d  t h a t  10 o b ­
s t r u c t i o n  © x is t e d  i  t h e  p u l n o n a r y  c i r c u l a t i .n , and , i-  
p a r t i c u l a r , 10 f a t  em b o l i sm .
In frenerr.l  , - . iost  o b s e r v e r  s y i n c l u d i n g  C an non (5 ô7 )  ,h? ve 
'onhd th'* t  the  f a t  i s  n o t  p r é s e n t  i  J s u f f i o i e n t  r n ou n t  
to  o b s t r u â t  the  b l o o d - f l o v  .
.Lu .MM:.! L t ; : j ’ x Ljl . 3 J - h  J..L,
To t e s t  t h i s  supra  st-ed. e > u s e , e x p o r i n e n t s  v /ers  p a r f o i s  
ed on • ii . 1 s.
Intra - ’-enous i n j e c t i o n  o f  o i l  T- 5 p r n e t i s e 7 b y  many o f
the s a r l i e r  i  v s s t i g o t o r s  o f  t h i s  c o n d i t i o n . I n  i t  s
r e l a t i o n  t o  s h o c k , howev-s r , i t  w- s p v r t i c u l u r l y  r o r l i s d  
au 3 .
Mt b y  B i s s e l l f i W # )  Me i n j e c t e r  o i l  i n t o  the  ju m i l u r
vei-i  o f  o t a , a n d  obt- in e d  s i g n e  o f  s h o c l : , e . g . f ? > l l  o f
a r t e r i n l  o r e s  su r  e t o  Iv - ' l f  o r  l e s  s o f  t h e  o r i g i n a l  l e v a i .
Ris r é s u l t é  ■ e o o n f i r m e d  b y  P o r t ê r ( 2 5 9 , 4 4 6 ) ,who 
 ̂ inÎecf/ûM
found t h r t  i ntr* .venons . o f  n v . t - r  1 o l i v e  o î.l p r o d u c  e ' 
shock.He s u r v e n t e ’. t u "  t the r e s u i t  " s due t o  em bo l ism  
o f  the v n s o o o n s t r i c t o r  c e n t r e  i  : the meclull  ,and  not 
to embolism o f  t h e  lun| 3 . The v i s e o s i t y  o f  "he b l o o d  
was g rs  t l y  i n c r a n s  ©è .
•« igp  e rs  f 33 6 ' , on th  e o th  a r  V '  i d , oo no" ud e d th  • t  f  ■ t  
embolism n i  T r  u m a t io  bhock  /a ra  d i s t i n c t  c o n d i t i o n s ,  
t h o u g h .a f t e r  f r o c t u r a s  o f  b o n a s , t h a  f o r m e r  m ig h t  b e
1 ?
JiX '
one o f  th e  c ' u s u l  f-  c t o r s  o f  t h e  " s h o c k " . I n  e x p e r i m e n t l  
1 f a t  emboli  s i ,h s  f o u n d  ,.0 s t - n o r t e m  f - t  d r o o l  e ts  i  , the  
ca i l l ?  r i s 3  o f  t h e  l u n g s . T h i s  c o n d i t i o n  a l  30 r ' v e  
f a i l u r e  o f  t h e  c l r c u l  t i o n , a 330e l a t e  .1 : i t h  f  • 11 o f  
a r t e r i a l  p r e s s u r e , b u t  a n a r k e d  r i d e  o f  v e n o u s  r e s n u r e ,  
The p r e s s u r e  i  the  r i g h t  v e n t r i c l e  and p u lm on a ry  
r t e r y  was r a t h e r  h i g h , w h e r e a s  i n  T raum at ic  jh o . c ’ ’. t h i s  
pres  -Are '■ s l o w . I I «  s u g g e s t e d , t h e r e f o r e , th* t  i t  m 3 
not a d v i s a b l e , n . s  i t  was i n  T ra u m a t ic  S h o c k , t o  d r i v e  
b lo o d  f r o m  the  a b d o m in a l  v e i n s  i n t o  the  h e a r t  and 
i n f u s i o n s  were  c o n t r a i n d i c a t e d .
¿i'flon.l s i  -181) c o n f i r m e d  t h e s e  r e s u l t s  i n  t h e  c se  o f
e x p e r im e n ta l  f ‘ t  e m b o l i  era.The f- 11 o f  a r t s r i - 1  a r e s  uir
was <?rr:duo 1 . w h i l e  the  v e n o u s  p r e s s u r e  r o s e  - s the  
a r t e r i a l  p r e s s u r e  f e l l . Dysnnoea o r  npnoen m ig h t  be 
p r e s e n t ,  it • r b i f i c i  1 r a s p  Lr-'-ti~ a d id  n o t  g i v e  re  c o v e  
In peptone 3h o o k , 5 “ c o n t r a s t ,  the  ft 11 i n  a r t e r i a l  r e s
are w? s marked and s u d d e n ,a n d  the v e n o u s  p i  a s s u r e  f e l l .
I n s p i r a t i o n  3 no t  u s u - H y  c h a n g e ' , and when i t  7- 3 , 
a r t i f i c i a l  r e s p i r a t i o n  m ig h t  g i v e  r e c o v e r y .
P r e s u m a b l y , f a t  im b o l ism  lay a c t  ;wo Lain i t u  ic
( l ) i n  the b r a i n , F a t  e m b o l i  on r e a c h i  t h e  s m a l l e  t  
ease ls  o b s t r u c t  t e e  b l o o d - f l o w . O o n s e q  u a n t l y , t h e  oxygen  
supoly  t o  th e  n e r v e  c e n t r e s  i s  i n t e r f e r e d  w i t h ,  aid t h e  
c e n t r e s , e s p o c , i o i l y  t h e  -  s o c o n s t r i c t o r  c e n ' - r e  re  ' 1-  
jured by  the  a n o x a e m i a . ( 2 ) i n  t h e  l u n s , f -  t e m b o l i  -may 
33 supposed t o  o b s t r u o t . i n  1 s i m i l a r  w a y , t h e  pulm onary  
J i i o n l - t i o n . T h e  v o l u m e - f l o w  o f  b i o  d i  th e  'u lnon? ry  
79ins to  the  l e f t  h e a r t  'ou ld  thus  be l a 3 s u e d ,  and th u s
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the volume o u t p u t  f rom  t h e  l e f t  J -ent i ' io le  wo 1-1 tend tc 
be r id u ca c i .
]*» t  Embolism n y  o a r a s a n t  w i t h o u t  s h o c k .
I  t Embolism 3 fou n d  i n  ora s o n d i t i  , e .  .
e-ranul r  c o n t r a c t e d  k i d n e y ,  s e v e r e  f r ?  s t u r e 3 ,  yaemi? , : 
I t  3 3 : lonstr?  ted j LlcEUbbenf V  t v i s i b l e  1- .
w»-s ' o u r  11 y  p r e s e n t  i n  tk a b i o  1 i n  the  b i o  c d - ve  3 a l  3 
o f  ■ nim? ; p 3 et end l e  S h o r t  (4 2 5  ) s i m i l ?  r l y  o rved  
■ohenomanon ' i it n.
F‘-t  ktnbolism ;i-y be b s a n t ,  nd y e t  s h o c k  c y  " p n  r . 
l i :  tl 9 ... j ' bl 3 b ïn c e  o f  f a t  sm b o l i s m ,T r a u m a t ic  
lay b e  m a r k e d l y  p r e s e n t . I n  o p e r a t i o n s  su ch  - 5
1 _ r o t o m i e s , W e r t h e i m f s c a r a t i  , mputs t i o n  the
h i p ,  a t e .  . l i t t l e  f -  t t v  b e  d i s t u r b a i  and y e t  o p e r a t i v e  
shock muy b e  f u l l y  e s t '  o i l s h e d . In  che c s a  o f  s e r f  or-  t  
ine- wounds o f  the  domen, h a s n o r r h u g e  c j i n f e c t i o n  
appa- r to be  much more * i p o r f  .it c-uis» 1 f - c t o r s  f  r • n 
fí  t  s m b o l i s m .P o r , i f  haemo rrl age 3 r f o r s  t i o n  
) s e n t , s h o o t  i s  b s e n t ; i f  t h e y  r e  p r e s e  t , sh o o k  d e v e l
o-ps.In the  c? sq o f  m u t a t i o  : : h e  1 i p , t l  : 3 ngei
s ta g e ,  3 a y l i s s (  3 2 3 Ì i s t e d , w  3 n o t  • the  f : i ix 
w-c 3-cui t h r o u g h .
In ex per im en t -  1 Trr urn? t i c  òlio o k ,  iroduca . i  ay t r c u c t i s  
i ‘.g m u sc le s  , f - :t  a: f o o l  ism 3 p r a s u n - b l y  o s a n t ,
CM.nnonf.225,341 ) f o u n d  p o s t -m o r t  ani no f • t  e m b o l i  u  "-he
lu n g s . l l o r e , B-’y l i s s f o r o }.. .ot u  k c i t  a k a  u. c i x i e v a . c  
whether the  fem ur \r s b r o k e n  o r  n o t .
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;Jh‘ t  i s  the  . :̂ü-"-!Íf l a  ne ; of t  . : a o o l i —a?
1S9
In t '  e V ' -gt  ni' j o r i t y  o í  n n i  o í  Trmur t i c  ¡¿ho.o  r»1~ J- h:
s o n d i t i  : e mis? i v a  a g e n t  ì _ i t i c a l l y  bs m t .
j t  i  , tl ì r s f o r a ,  o t  thè • s e n t i s i  ì a u s n l  ag m t .
3ut ' 10 c a s a  h a r e  t h e  f a t  o ¡ha t o d y  i s  d i a -
' í r b a d . f p t  w ih o l is in  iay  ap i  : l j  b e  p ro d u ce d  
3t i f f  i c i e n t  r ing ) di it ti 3 i r e n i  t o r ;
■ i  oa and 61 s i -o i h . T h is  h ì k - l i h a  l o n d i t -
ion  lue t o  f; t 3: it o l i  sui d i f f  ara i o  sona  \r> ys  f rom  
Traumatic  ¿h o c  , tl o f  W i g g e  ï f  336 nd S i  .o n 3 .
( 38 1. i n d i c  3d ,A c c o r d i n g i y , i t  i s  p i  . l i  ¿ i n e t
o n d i t i n  .
3-M.d shock
In c a s e s  w here  f a t  i m b o l i s n r c o - s x i s t , t h e  f o r m a iA
'•:onlò • •' . r  t o  ■ ' r ta th3 co  ' . i t i  i ,  • t o  ba
o .art lv  i r  o u s i b l  ; i o r  -.v r.- .>£ t h e  eh m g  e o-u t i  ju ■ —• -j' : : -in
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j  i l u r a  o f  t h e  s i r o u l ?  ' : > s i  ti ios1 3 ii i n
' u  i o  S h o c k . © l i s  f a i l u i
o f  the  c i r c u í '  t i o n  C ’USi t  : a , ?a .11  1 1 7 ' tha a lo  
• h  u<i • t". 1 3t •o; - a o f  t h e  lao^eíaent o f  b l o o d  t h r o u g h  
the s n t i r a  C i r c u i t  o f  t h e  v o 1 . . , . í . t l  5 t i i  5
f  x : í p l a t e  c i r c u l a  t i  01 i s  ’ l a n g t h  m  sd. And lo
t t h i s  íovamant >f t i  e >lood Ls f  
re  i] . ; ti 11 t h e  i l i r i c !  1 f  s t o r e  . •
in  :r.-int- i  i ' i g  I t , suoh • 3 tha iro ' "  ¿e ,-r - O C X  j . . . . .  p :  3 8 -
ure f  the ble i - f l o w ,  ti ; s e  v  r j  f r o m  > i n t  t e  1 - 1 ,  
ui -a '-je f  "1 ■ n o t h e r  mvy -o a j a n a n t e .
1.3 an i n i e : :  t o  t h e  3tí. t e  o f  ha c i r c u í *  t í o  r iov .a  
s igns  nnwt be  n o ta d  t o g a t h e r  .3ot1: 1 i C l i n i o ' l  ■ ■:£ Ex­
p e r im e n t a l  Tr' iinr t i c  9 h o c b , t h e  e t  t e  o f  the / . u l - a ,  the  
íe? sui . t o f  he  r t e r i a l  p sur , 3 th a  ganar? 1
di t i  1 h a v e  to  :>.̂  j  idg ad. I n  g e n e r a l ,  tha  b le  od _ li 
ha3 3eamad " f • i r l y  r a l i ?  b l e  c r i t e r i o  .,  ti ouph tha f-  11 
o f  b lo o d  p r  í a m ire  ' o h .  n o t  nl»~ ya c o r r a  apond t o  ’ :e 
i agre-e o f  s h o c h . i s e t e r  .! -v t i :  1 o f  t h e  t o t ' l  r o l u  :a : f  
> lood ,whioh 1 y  b e  r e  1 -  o r e  fu n d  n e n t a l  cc i d i t i  íl
forma m u s e f u l  c o n f i r r a - t o r y  s i g n ,  John í ' r a a a r f  639 ) 
omphr-aised th- t  t h e  t h r a a  i c r o o r t ^ n t  ch a n ga s  u c r e  tl_ : 
lower ing  o f  tha  s y s t o l i c  p r e s e u r . e , t h e  i ' i c r e r . s a d  c n i o . ; : >  
c a t i ó n .  o f  b l o o d ,  a ahovni b y  tha  huam atoar it , -*  nd t h e  
r eJ n ct ion  o f  b l o o d  alizo 11 .
The c l i n i c a l  s i g n s  i n  g e n e r a l  i n d i c a t e  t h a t  tha c i r ­
c u l a t i o n  o f  tha  s h o d :a d  i n d i v i d u a l  i s  f a i l i n g .
P a l l o r  o f  the  s k i n  i s  a t  f i r s t  w e l l  m a r k e d . I n  the  
l a t e r  s t a g e s , t h e  p a l l o r  t a k e s  on a c y a n o t i c  t i n t . T h i s  
i s  p a r t i c u l a r l y  n o t i c e a b l e  on th  e x t r e m i t i e s  and 
f i n g e r  n a i l s .
THE PULSE.
During the  d e v e l o p m e n t  o f  D e la y e d  o h o o k , the  p u l s e  i s  
not i n c r e a s e d  i n  r a t e  e t  f i r s t . A c c o r d i n g  t o  M alco lm  
( 5 8 2 ) , i t  m ight  becom e f u l l e r  and o f  h i g h e r  t e n s i o n .
Than i t  m ight  b e  s l o w  i n  r a t e , a n d  d i m i n i s h  i i^ s iza  and 
t e n s i o n  u n t i l  i t  became i m p e r c e p t i b l e . w h i l e  th e  c a r o t ­
ids  s t i l l  b e a t  s t r o n g l y  and tha h e a r t - s o u n d s  were  l o u d  
fad
c l e a r .
>
With th e  d e v e lo p m e n t  o f  s h o d : . h o w e v e r , the  h e a r t  r a t e  
p r o g r e s s i v e l y  i n c r e a s e d , u p  to  . s a y , 144 p e r  m inute .  
Cannoni223,-339 ,56  7) f ou n d  t h a t  t h e  r a t e  was not  d e f i n ­
i t e l y  r e l a t e d  t o  the  f a l l s  in  r t e r i a l  p r e s s u r e  and in  
a l k a l i  r e s e r v e .
The e x p a n s io n  becom es  s m a l l e r  u n t i l  i t  i s  i m p e r c e p t ­
i b l e .  Th is  s m a l l  p u l s e  i n d i c a t e d , a c c o r d i n g  to  Canno:i(£6|0) 
that  the  o u t p u t  o f  b l o o d  f rom  the  h e a r t  was d im in is h e d
The p a s s a g e  o f  t h e  p u l s e - w a v e  i s  a r r e s t e d  b y  s l i g h t e r  
and s l i g h t e r  p r e s s u r e , a n d  the  b e a t s  a r e  b e s t  f e l t  b y  
s t i l l  s l i g h t e r  p r e s s u r e , T h e s e  o b s e r v a t i o n s  i n d i c a t e  
the p r o g r e s s i v e  f a l l  o f  b l o o d  p r e s s u r e .
se p u l s a t i o n  o f  the  c a r o t i d  a r t e r i e s  i s  now a l s o
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sm al l  and weak. (S ee  P u ls e  t r a c i n g s  In  APPEilDIX.B.)
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Leonard H i l l  (472  K/; rnad t h a t  f-  l l a c i a s  sh o u ld  be  e x -  
e luded  in  t a k i n g  th e  p u l s e . T h e  p o s i t i o n  o f  t ' . e  c- t i a n t , 
a p h y s i c a l  e f f o r t  o r  m enta l  ¡ . g l t n t i o n ,m i g h t  I t e r  the 
f i n d i n g s .
E x p e r im e n t a l
In the  c a s e  o f^T w  .urn? t i e  Lhoek, G u th r ie  (2 5 5 )  no t e d  t h t  
the p u l s e  g e n e r - l l y  v a r i e d  w i t h  the  b l o o d  p r e s s u r e . a s  
the b l o o d  p r e s s u r e  f e l l , t h e  r a t e  d e c r e a s e d , though no 
s ig n  o f  v a g a l  i n h i b i t i o n  app eared  t o  b e  p r e s e n t , a n d  the 
f o r c e  became w e a k e r .h a y m o n d f1 9 3 ) a l s o  o b s e r v e d  th a t  i n  
dogs the  r a t e  d e c r e a s e d , a s  sh ock  d e v e l o p e d .  The cha n ges  
in  p u l s e  r a t e  were  n o t  marked n o r  c o n s t a n t .
PM0GEE3SIVE EALL OP BLOOD PhEBSUuE.
In Immediate S h o c k , a  r a p i d  f a l l  o f  a r t e r i a l  p r e s s u r e  
se ts  i n  a t  o n c e . I n  D e la y ed  T ra u m a t ic  S h o c k , t h e  p r o g r e s s  
iva f a l l  in  a r t e r i a l  p r e s s u r e  i s  one of' th e  most  c h a r ­
a c t e r i s t i c  s i g n s .  John P r a s e r ( 4 7 4 ,639 ) r e g a rd e d  i t  as th 
e s s e n t i a l  u n d e r l y i n g  f a c t o r  in  the  p r o d u c t i o n  o f  shock 
Low a r t e r i a l  p r e s s u r e . h o w e v e r , i t  in a b e e n  r e p e a t e d l y  
pointed out  b y  among o t h e r s  M e l t s s r ( 5 5 ) and Mann(1 4 2 )  
i-3 not n e c e s s a  r i l y  a lw a y s  p r e s e n t  in  s h o c k .  I t  d o e s  no t  
elweya v a r y  w i t h  the  d egree  o f  s h o c k . I n  s e v e r e  e x p e r i ­
mental s h o c k , t h e  l e v e l  o f  a r t e r i a l  p r e s s u r e  may be 
Elite h i g h ,  even 130 m m s .o f  Hg. ,and c o n v e r s l y . H e n c e , b y  
i t s e l f . the  s i g n  i s  no t  s a t i s f a c t o r y . N e v e r t h e l e s s , as an 
MjfLp o f  the  d e g r e e  o f  s h o c k . i t  has  b een  found  the  most
c o n v e n i e n t , a n d , on th e  w h o le ,  i f  c o n t r o l l e d  b y  o b s e r v a t i o jn  
j f  o t h e r  s i g n s , i s  f a i r l y  r e l i a b l e . I n  p r a c t i c e . a c c o r d i n g  
to P r e s e r f 6 3 9 ) , th e  s y s t o l i c  b l o o d  p r e s s u r e  i s  t h e  most  
important s i g n , a n d  i s  th e  o n l y  e x a c t  e s t i m a t i o n  we have 
Df the  d e g r e e  o f  s h o c k . I f  90 m i l l i m e t r e s  o f  m e rcu r y  o r  
l e s s , i t  i n d i c a t e s  s e r i o u s  d e g r e e  o f  shock  r e q u i r i n g  
immediate t r e a t m e n t .
In the c a s e  o f  D e la y e d  Traum atic  ¿ h o c k , t h e  f a l l  o f  
r t e r i a l  p r e s s u r e  o n l y  s e t s  i n  a f t e r  some t i m e , . f t  f i r s t  
i s  p r o b a b l y  m a in t a in e d  b y  e x t r a  a c t i v i t y  o f  the  v a s o  
c o n s t r i c t o r  c e n t r e , c a u s i n g  g r e a t e r  c o n t r a c t i o n  o f  the  
p e r i p h e r a l  v e s s e l s . l a t e r , t h e  b l o o d  p r e s s u r e  b e g i n s  t o  
f a l l . p r o b a b l y  as t h e  e f f e c t  o f  l o s s  o f  b l o o d  volume 
cv e rb a la n ce s  t h a t  due to  v a s o c o n s t r i c t i o n .
P^OTC DERIVED FROM 03CEM/ ' I I  hi IE DEL‘.YEP 0^Ir:I0^L 
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Prom c l i n i c  1 o b s e r v a t i o n s  L a l c o i m f 5 8 ) f 5 8 2 ) su p p osed  
that  i n  O p e r a t i v e  ¿ h o c k  the  a r t e r i a l  p r e s s u r e  i n  the  
large  a r t e r i e s  was r a i s e d , i n  th e  sm al l  a r t e r i e s  l ow ered  
The r a d i a l  p u l s e , h e  n o t e d ,m i g h t  become i m p e r c e p t i b l e ,  
while the  c a r o t i d  p u l s e  s t i l l  b e a t  f o r c i b l y .
In the  c a s e  o f  bound Shock i n  P r a n c e , E r a s e r  • nd Cowell  
( 2 2 1 ) s t u d ie d  the  ch a n g es  o f  a r t e r i a l  p r e s s u r e  w i t h
sphygmomanometers. They found  t h a t  the  a r t e r i a l  p r e s s u r e  
might f<-11 im m e d ia t e ly  on r e c e i p t  o f  the  i n  j u r y , g i v i n g  
Immediate C h o c k , o r  n o t  u n t i l  a f t e r  a i n t e r v a l  had 
e la p s e d , g i v i ng D ela yed  C h o c k .T h is  d i f f e r e n c e  i n  the  
time o f  o n s e t  a uoea red  c l os e ly  d e ce n d e n t  on the  n a tu re
w
o f  th e  w o u n d s . C a r io u s  wounds o u sed  • a? rke nd sudder 
f a l l  i n  r t a r i  1 p r e s s u r e , m o d e r  t s l y  sev er®  o r  t r i v i a l  
ounds o f t e n  d id  nob l o w e r  the  b l o o d  p r e s s u r e  a t  f i r s t ,  
or  i t  m ight  be  s l i g h t l y  r a i s e d . B u t  - i t e r  n i n t e r v l , 
a p r o g r e s s i v e  f e l l  e n s u e d . A r c h i b a l d  and H cL eanf2 7 2 ) f o u r  
the d i a s t o l i c  p r e s s u r e  l o r e  im p o r ta n t  thrui the  s y s t o l i  
f o r m e r  l i g h t  b e  l o w , e . g . 30 rams,Bg. ,w h i l e  th e  
s y s t o l i c  was 100 rams.Zg. '  ad sh ock  s i g n s  p r e s e n t .
French o b s e r v e r s  g e n e r a l l y  u sed  th e  Pachon  o s c i l l o m e t e r  
Brschot  and 01 r e t ( 3 9 5 ) f o u n d  t h a t  a d i f f e r e n c e  o f  2*0 
or more b e tw e e n  the  maximum and minimum w- s ?- f r v o u r -  
•ble s i g n , b e l o w  2*5 u n f a v o u r a b l e .  Monery and Lombard 
(3 9 4 )put  t h e " c r i t i c i  1 l e v e l ” o f  a r t e r i a l  p r e s s u r e  a t  4 
f o r  the  linirnum,and 7 f o r  the  maximum.
During- o p e r - ' t i o n s  L o c k h a r t  Lam m ery '3u ,3 1  )u sed  the  
iva  A o c c i  sphygmomanometer e v e r y  f i v e  m in u tes  i f  n e c e s  
r y , and the c h a n g e s  o f  b l o o d  p r e s s u r e  have  b een  s t u d i e d  
jy  v a r i o u s  o t h e r  o b s e r v e r s . M o o t s ( 2 1 7 ) c o n s i d e r e d  the  
s y s t o l i c  p r e s s u r e  a l o n e  o f  l i t t l e  v - l u e , the  d i  s t o l i c  
pressure ' l o n e  much more v a l u a b l e . B u t  the es ; e n t i a l  sigjn 
was the p r e s s u r e - r >  t i o  , i . s , th e  p e r c e n t a g e  o f  th e  o u l s e -  
p ressure  d i v i d e d  by the  d i a s t o l i c  p r e s s u r e , t h e  or . r  1 
being 4 0 —60 /0. T h i s  gave  the  f i r s t  ’ a n g e r  s i g n a l . I f  l o w ,  
say 20$, o r  h i g h ,  say 80 $  , t h e  t j r o g n o s i s  fit. s g r a v e .
c c o r d in g  o t  H ootS  .-and LIcKesson(503)  ,20  d e c r e a s e  o f  
b lood  p r e s s u r e , and 80 / ¿ i n c r e a s e  o f  p u l s e  r a t e  i n d i c a t o r  
danger and p o s s i b l y  the  o n s e t  o f  shook .M cK esson  showed 
thPt,a 'ft9x  ^  h o u r ’ o f  c o n t i n u e d  low  b l o o d  p r e s  sure, 
d iu s t & l i c  o f  80 rams.Hg.or l e s s ,  p u l s a - p r a s s u r e  o f
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BO,and r a p i d  p u l s e  o f  120  o r  l o r e , n e a r l y  a l l  the 
p a t i e n t s  d i e d  o f  sh ook  s o o n e r  o r  l a t e r .
P o la k f  3 9 1 ,4 3 6  ) h e l d  t h a t  th e  p u l  i o - :>re s s u rs  , 1 . 3 .  th  .■ 
d i f f e r e n c e  b e tw e e n  the  s y s t o l i c  and d i a s t o l i c  a r t e r i a l  
p r e s s u r e  was a b e t t e r  i n d e x  o f  t h e  c a r d i a c  s t r e n g t h  
th n t h e  s y s t o l i c  p r e s s u r e , T h e  normal iveraged  35 i . .  
Hg..He t o o k  i t  a t  r e s t , a n d  a f t e r  m od era te  j x e r t i o n . I f  
no change o c c u r r e d , t h e  c a r d i a c  f o r c e  was g o o d . D u r i n g  
o p e r a t i o n s * u n d a r  g e n e r a l  r-.eethe  >i- ,h© w a t c h e d  t h i s  
s ig n  p a r t i c u l a r l y  « - d u r i n g  a n a e s t h e s i a , a t  the  c l o s e ,
6 hou rs  and 24 h o u r s  a f t e r ; i n  s h o c k , e v e r y  h o u r , t i l l  
r e a c t i o n  s e t  i n . ( 4 6 4 ) .
G id d in g s ( 4 6 3 ) , u s i n g  t h e  " Tycos"sphygmomanometer  i n  
o p e r a t i o n  c a s e  3 u n d e r  g e n e r a l  a n a e s t h e s i a , f ou n d  t h a t  
le  b l o o d  p r e s s u r e  n i g h t  show a g r a d u a l  f a l l , sometimes 
b e f o r e  t h e  p u l s e  showed any  change i n  r a t e  o r  q u a l i t y ,  
sometimes s i m u l t a n e o u s l y .
/ e l l s ( 6 1 3 ) t o o k  r e a d i n g s  o f  r e s p i r a t i o n  r a t e , p u l s e  r a t 4» 
*'Bd b l o o d  p r e s s u r e  e v e r y  5 m in u tes  d u r in g  o p e r a t i o n s ,  
and G la r k (6 5 0 )  a l s o  mads a s i m i l a r  s t u d y .
In the  APPENDIX 3 . o f  t h i s  T h e s i s  w i l l  be f ou n d  • s e r i ^  
o f  b l o o d  p r e s s u r e  g r a p h s  o f  r e a d i n g s  t a k e n  d u r in g  
o p e r a t i o n s .
In the  c a s e  o f  Experime a t 1 1 Chock .p r o d u c e d  i n  v ! r i o i  s 
ways,two t y p e s  may a g a in  be  d i s t i n g u i s h e d , a c c o r d i n g  t o  
the b e h a v i o u r  o f  th e  e r t e r i  1 p r e s s u r e , I n  D e la y ed  D xp er i  
mental shock g e n e r a l l y , t h e  mean a r t e r i a l  p r e s s u r e  
showed a p r o g r e s s i v e  f a l l , s l i g h t  a t  f i r s t , t h e n  more 
rapid - nd p i ’o g r e s  d v e .
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O ptica l  manometers were used by N i g g e r s ( 3 6 5 , 3 7 2 ) .
These instrum ents  were Revised to r e g i s t e r  quick ohang 
in p r e s s u r e ,a n d  depended on the use o f  the segment 
capsule le v is a d  by Frank(see  H o w e ll ( 6 2 4 ) ) . Niggers  
found t h a t , i n  the i n i t i a l  i t  ge o f  sh o ck ,th e  a r t e r i a l  
pressure cu rves  showed g r e a t e r  a m p l i t u d e , a l a r g e r  prim -  
'••ry wave,and a q u icker  ’ e c l i n e  in  the l a t t e r  p o r t i o n  
o f  s y s t o l e . w h i l e  the i n t r a - v e n t r i c u l a r  pressu re  curves  
were not a l t e r e d  in  co n to u r .T h ese  changes in d ic a t e d  
a diminished volume o f  b lood  in  the la r g e  c e n t r a l  
a r t e r i j s  .p r o b a b ly  from r e f l e x  re d u ct io n  o f  the p e r i ­
pheral r e s i s t a n c e . L a t e r , i n  the p r o g r e s s i v e  s t a g e , t h e r e  
was 61 orogres i v e  decrease  i n  a m p l i t u d e , a long w ith  
simple curves, 'and the i n t r a - v e n t r i c u l n r  p r e s s u r e  curvet 
also showed diminished amplitude end <■■ l e s s  su sta in ed  
apex.This  i n d i c a t e d  t h a t  the output from the l e f t  
v e n t r i c l e  >n-s reduced.
The " c r i t i c - : !  l e v e l ” .
A f t e r  the  • r t e r i  1 p r e s s u r e  had f a l l e n  to  5 0 -4 0  m as . 
Hg. . t h e  a n i m a l s , i t  .m s  n o t i c e d  b y  o b s e r v e r s  i n c l u d i n g  
Janeway and E wing( 1 4 8 ) and G u t h r i e (255  , showed l i t t l e  
tendency  t o  r e c o v e r .
In the c a s e  o f  Wound Chock, Gannon( 2 2 3 , 5 6 7 , 6 1 6  ) sugg*est-
d th a t  ‘- p p r o x i m a t e l y  80 mas. Hg. was the  " c r i t i c a l  
I e v e l " o f  the  - r t e r i - ;1 p r e s s u r e  f o r  man.Above 80 nuns.of 
ffg . , r e d u c t i o n  o f  - . l k s l i  w s n o t  l i k e l y , b u t  b e lo w  80 ,
i-t g e n e r a l l y  o c c u r r e d . P o s s i b l y  when the  b l o o d  p r e s s u r e  
s above 30 and sh ock  was p r e s e n t  . v a s o c o n s t r i c t i o n
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was s t i l l  m a i n t a i n i n g  i t  a g a i n s t  the  re d u ce d  b l o o d  
v o l u m e . 3 t e r l i n g ( 1 0 6 ) had a l s o  found  t h a t  b e low  80 
a d im i n i s h e d  o u t p u t  o f  e n e r g y  by the  h e a r t  m usc le  
o c c u r r e d .
F a l l a c i  e s . B e f o r e  c o n c l u d i n g - t h a t  th e  f  "11 o f  b i o  fl 
p r e s s u r e  i s  due t o  T raum at ic  C h ock ,on e  must f i r s t  
e l i m i n a t e  the  p o s s i b i l i t y  o f  a n a lo g o u s  c o n d i t i o n s  b e i n £  
p a r t l y  o r  w h o l l y  r e s p o n s i b l e .H a e m o r r h a g e  and i n f e c t i o n ,
in  p* r t i c u l a r , r ^ q u i r a  c o n s i d e r a t i o n .  On 'ohe o t h e r  h : n d ,
"
c e r t a i n  c o n d i t i o n s  som etim es - - s s o c i  t e d  w i t h  s h o c k  may
!
g iv e  •’ r i s e  o f  b l o o d  p r e s s u r e .  In  c e r t a i n  g u n s h o t  wounds 
F r a s e r  - nd C o w e l l ( 2 2 1 ) f o u n d , a  r i s e  o f  b l o o d  p r e s s u r e  
o c c u r r e d ;  e . g .  compound f r a c t u r e  o f  the s k u l l  w i t h  intacjb  
dura m a t e r , p e r f o r a t i n g  wounds o f  th e  s k u l l  i n v o l v i n g
the  v e n t r i c l e s ,wounds o f  s o l i d  v i s c e r a  such as  the  l i v e
,
■ '.nd k i d  n e y .  Brum ,.ond a n d T r y l o r ( 2 9 ü ) f o  un d th  a t  a r i s e  o f
%
b lo o d  p r e s  sure o c c u r r e d  a t  the  o n s e t  o f  gas  g a n g ren e  
i n f e c t i o n  o f  m u s c l e , b u t  was accom p an ied  b y  a c o r r e s p o n d ­
ing r i s e  i n  p u l s e  r a t e  and d e t e r i o r a t i o n  i n  g e n e r a l  c o l i -  
d i t i  on.
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BiLL in  THE 70LU-1E 0? BLOOD ImOb.
It- appeared  t o  G e s e l l ( 4 5 0 ) t h " t , a s  c e l l  n u t r i t i o n  was 
c l o s e l y  depen d en t  on th e  f l o w  o f  b l o o d , t h e  volume o f  th 
blood f l o w  was a more im p o r t a n t  fund a m enta l  f a c t o r  thaiji 
the p r e s s u r e  o f  t h e  b l o o d .
L u d w ig 's  strorauhr i s  p e r h a p s  th e  b e s t  known in s tr u m e n t  
f o r  e n a b l i n g  one t o  d e te r m in e 4 the v e l o c i t y  and volume 
o f  the b l o o d - f l o w  i n  aninr I s .  G e s e l l (4 4 8 ,4 4 9  ) .h o w e v e r ,  
used an e l e c t r i c a l  a u t o m a t i c  a p p a ra tu s  i n  e s t i m a t i n g 1 
the b l o o d - f l o w  t h r o u g h  th e  s u b m a x i l l a r y  g la n d  o f  the  
dog.On s t i m u l a t i o n  o f  the  Chorda Tympani n e r v e , h e (4 4 9 )  
found t h a t  th e  volume o f  b l o o d - f l o w  i n c r e a s e d  a l o n g  
with the  s e c r e t i o n  o f  s a l i v a  and t h e  e l e c t r i c a l  
v a r i a t i o n , b u t  t h e  change  v a r i e d  i n d e p e n d e n t l y  o f  t h e  
s e c r e t i o n  and w -s l o o k e d  on as  a v- s o m o t o r  phenomenon. 
F 'C T d  DERIVED FnOLI OBBBa V M I J D B  III C L IN IC  iL  m D 
i f -dE L II lB  M ' L T - M U : ~ f I C  SHOCK.
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D i r e c t  obser"--  bi -n o f  th e  chan ges  i n  the  volume o f  the 
b l o o d - f l o w  was p r a c t i s e d  b y  G e s e l l ( 3 6 8 ) .E x p e r im e n t a l  
Traumatic ohook was p r o d u c e d  i n  d ogs  b y  e x p os u re  and 
m a n ip u la t ion  o f  th e  abdom ina l  v i s c e r a , a n d  the  volume 
c f  the b l o o d - f l o w  t h r o u g h  the  s u b m a x i l l a r y  was measured 
'Jn&erfthe lo ' - 'e re  1 b l o o d  p r e s s u r e  f rom  th e  e x p e r im e n t a l  
3nock ,the  b a s a l  vo lum e o f  b l o o d - f l o w  was l e s  ened .T h e  
i n i t i a l  f a l l  wag much more r a p i d  than  the  f ■ 11 o f  3 . P . , 
than much s l o w e r , a n d ,  - .gain  when t h e  3 . P .had  f a l l e n  t o  
30-40 r a m s . E g . . f a s t e r  than the  f a l l  i n  B .P .  I t  had no 
constant  i n t e r - r e l a t i o n  w i t h  the  B . P . . I t  m ight  be r e -  
hicad 60 $ , o r  ev en  85 p . w i t h  a r i s e  o f  B .P .  o r  a c o n ­
stant B . P . r e s p e c t i v e l y , t h e n  s u d d e n ly  c h e c k e d ;  t h e n , a s  
Jhe B.x' . f e l l . i t  m ig h t  rem ain  c o n s t a n t , d e c r e a s e , o r  even 
-ncrease .The i n i t i a l  d e c r e a s e  g r e a t l y  e x ce e d e d  t h a t
o c c u r r i n g  d u r i n g  the s u b s e q u e n t  f  11 o f  the  b l o o d  
p r e s s u r e  t o  z e r o . H e n c e  the  g r a v i t y  o f  t h i s  change .
On s t i m u l a t i o n  o f  t h e  Chorda Tympani i n  s h o c k , G e s e l l  
found the  volume o f  t h e  b l o o d - f l o w  re d u c e d  ou t  o f  ' 11 
p r o p o r t i  u t o  t h e  r e d u c t i  ve i n  me-n b l o o d  p r e s s u r e . This 
moint e ra  ice o f  th e  3 . T . ,h e  s u g g e s t e d  s due to  i n ­
c re a se d  t o n i c  a c t i v i t y  o f  th e  v a s o o o n s t r i c t o r  c e n t r e .
By th ■ i n j e c t i o n  o f  g ’tm o c e c i a , h e ( 4 5 0 ) f o u n d  t h a t , i n  
Traumatic  Shock . t h e s e  cha n ges  were  d u p l i c a t e d  i n  t h e  
r e v e r s e  d i r e e t i o h , a s  i n  h a e m o r r h a g e ( s e e  CAUDAL FACTOHoi 
The r e d u c t i o n  o f  b l o o d - f l o w  w -s  g r e a t e r  in  f a l l s  f rom  
the norm *!  l e v e l  th- n f rom  l o w e r  l e v e l s ( 3 6 3 ) .
I n d i r e c t  s u g g e s t i o n s , which  s e jmed to  c o n f i r m  G e s e l l 1s 
r e s u l t s  , '" ere o f f e r e d  b y  the work o f  R a p p o r t ( 5 9 5 ) .  The 
l a t t e r  n o te d  i n  e x p e r im e n t a l  sh ock  a g ra d u a 1 i n c r e a s e  
in hen rt -r*>te  , p r o b r b l y  due to i n c r e a s e  o f  a d r e n i n  i n  
the b l o o d  ,was - s s o c i a  b • i w i t h  o n l y  - s l i g h t  f a . l l  o f  
) lood  p r e s s u r e  .The v o l u m e - f l o w  and 3 .  M , the  \efore ,  
appe-.red t o  be u n r e l a t e d .
Changes in  t h e  l y m p h - f l o w  w ere  found  b y  i!annXl42) 
in ex p er im en t  -1 s h o c k , u s i n g  • c n n u l a  i n  the  t h o r a c i c  
duct . The f l o w  w  s ' f i r s t  i n c r e - s  id , then  decre -  se  1. The 
co lo u r  changed  to  r e d d i s h , i d  the  c o a g u l a t i o n - t i m e  wa s 
decreeaed  1 ik e  an ex u d a te .  
idle se q u e n ce  o f  ch a n g e s .
A d im in is h e d  volume o f  b l o o d - f l o w  i n  t h e  v e i n s  t o  t h e  
r ight  h e a r t  p r e s u m a b ly  form s an im p o r t a n t  p e r t  o f  the  
diminished v o l u m e - f l o w , Y . H e n d e r s o n  ( 3 8 4 ) s u g g e s t e d  the  
presence o f  t h i s  c o n d i t i o n , a n d  v7iggars(  365 ,3 7 2 )  i n f e r r e d
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i t  from  h i s  s t u d y  o f  the  dynam ics  o f  th e  c i r c u l a t i o n ,  
he venous  p r e s s u r e . w h i c h  in  Delayed  Shock r o s e  t f i r s  
p.ter d e c r e a s e d  p r o g r e s s i v e l y , a n d  o p t i c a l  manometer 
t r a c in g s  o f  the  ‘ -rt.e r i a l  f-nd i n t r a - v e n t r i c u l a r  p r e s s u r e  
I so  i n d i c a t e d  n l i m i n i s h e d  vo lum e o f  f l o w . T h i s  f a l l  o f  
rolume o f  b l o o d - f l o w  t o  th e  r i g h t  h e a r t  m ig h t  he c a l c u i  
j t s d , a c c o r d i n g  t o  a f o r m u la  g i v e n  b y  "iib and Cunningham 
*498).
At th e  same t i m e , l e s  3 vo lume o f  b i o ' d  i s  a v a i l a b l e  t o  
the h e a r t  f o r  p u m p in g ,a s  Cannoni5 6 7 ) p o i n t e d  o u t ,a n d  
l im in ished  o u t p u t  t a k e s  o ' a c e  from  the  l e f t  v e n t r i c l e ,  
rom fi s t u d y  o f  the  v a r i o u s  b l o o d  p r e s s u r e s  in  Traumi: t i  
Shock, h i g g e r s ( 3 6 5  ,37£  ) f ou n d  t h a t , a s  the  d e c r e a s e  o f  
anous p r e s s u r e  o n l y  t o o k  p l a c a  a f t e r  the  i n i t i a l  s t a g e  
o f  shock had p a s s e d , i . e .  i n  the p r o g r e s s i v a  s t a g e ( o . r  
in s e v e r e  Immediate 'hock  from  the  b e g i n n i n g )  , i t  was' on 
;hen t h a t  i t  became e f f e c t i v e  i n  r e d u c i n g  t h e  o u t p u t  
) f  the d a f t  v e n t r i c l e , and i n  c a u s i n g  the  men.n • r t e r i a l  
pres  rare g r a d u a l l y  t o  f a l l . T h i s  r e s u l t  t  ok p l a c e  i n  
•spite o f  t h e  p r o t e c t i n g  a c c e l e r a t i o n  o f  the  he r t .  
onsequent on th e  g r a d u a l  r e d u c t i o n  i n  t h e  o u t p u t  o f  th 
. .e ft  i n t r i d e , f a l l  o f  a r t e r i a l  p r e s s u r e  r e s u l t e  1 ,when 
she volume o f  b l o o d  f e l l  b e lo w  the  minimum c a p a c i t y  o f  
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The main ca n s e  o f  th e  o i r o n l a t o r y  f a i l u r e  in  Traum atic  
S h o c k , c o c o r d  ' eg t o  the  v ie w  ta k e n  i n  t h i s  T h e s i s , i s  
l o s s  o f  b l o o d  f rom  no i v e  o i r c u l - t i o n . l t  m ight  he 
sup oosed  . h o w e v e r , t h ' t  chan ges  in  ••ny o f  the c h i e f  f a c t ­
ors  m a i n t a i n i n g  t h e  p r e s s u r e  and v e l o c i t y  o f  the  b l o o d -  
f l o w , v i s . c h  n - e  in  th e  h e a r t  b e a t  i t s e l f , change i n  the  
c a l i b r e  o f  the  v e s s e l s , o r  l o s s  o f  b l o o d  f rom  the  a c t i v e  
c i r c u l a tion,•■•light c a u s e  th e  f a i l u r e , b e i n g  a s s i s t e d ,  
p o s s i b l y , b y  a c c e s s o r y  f a c t o r s  men as l o s s  o f  mu c l e  
t o n e .
l . HBAHT BEAT.
D ecrease  in  r a t e  o r  f o r c e  o f  the h e « r t  b e a t  would 
cause f a l l  o f  p r e s s u r e  and v e l o c i t y  o f  b l o o d - f l o w  
throughout  t h e  s y s t e m . D i t h e r  the h e a r t  m u sc le  o r  the  
c a r d ia c  n e r v e s  m ight  be  r e s p o n s i b l e . B u t  t h i s  f a c t o r  
w i l l  be shown n o t  t o  be  i m p o r t a n t . I t  has  b e e n  found 
that the  c r d i a c  mechanism i s  n o t  p r i m a r i l y  a f f e c t e d  
in s h o c k , though  p r o l o n g e d  l o w e r i n g  o f  b l o o d  p r e s s u r e  
w i l l  e v e n t u a l l y  and s e c o n d - - r i l y  im p a ir  t h e  f u n c t i o n a l  
a c t i v i t y .
f * ) . HE ' T I-.IIJSGLB.
Observations on the s t a t e  o f  the h e a r t  muscle in  
Traumatic Shock s u g g e st  th a t  i t  i s  unimpaired in  the  
i n i t i a l  s ta g e s .a n d  o n ly  f a i l s  s e c o n d a r i ly  to the 
anoxaemia o f  the advanced s t - g e s .
I t  was a c6mmon c l i n i c a l  o b s e r v a t i o n  t h a t , i f  the  b l o c  
volume were i n c r e a s e d  b y  i n t r a v e n o u s  i n f u s i  n o r  b l o o d  
t r a n s f u s i o n , t h e  b l o o d  p r e s s u r e  r e t u r n e d  to  the normal 
l e v e l ,  « t  l e a s t  tempor- r i l y ,  lue rob  a b l y  to  the  i n c u r s  
output  o f  the l e f t  v e n t r i c l e , A s  ilann (1 4 2 )  s u g g e s t e d ,  
the h e « r t  p r e s u m a b ly  r e c o v e r e d  and was t h e r e f o r e  n o t  
r e s p o n s i b l e .
L a l c o l m ' s  o b s e r v e t i o n s f 5 8 2 ) i n  c l i n i c a l  sh ock  in d ie *  te< 
that  the  h e a r t  b e ' t  s t r o n g l y  a t  f i r s t ,  mid o n l y  wsakene;
1 •: t  e r .
In the e a s e  o f  E x p e r im e n t a l  S h o c k , i t  was a common c l i n ­
i c a l  o b s e r v a t i o n  t h a t  the  h e a r t  remained b e a t i n g  u n t i l  
the v e r y  1 s t  , r s  i n  O r i l e ’ s e x p e r i  le n t s f  IB ) f 559 ) .  In  
e x p e r im e n t ' . !  sh o c k  p r o d u c e d  b y  the  i n j e c t i o n  o f  V o t e r ]  
e l  t o x i n s , u o m b e r g f q u o t e d  b y  L . H i l l f 6 3 ) ) fou n d  t h a t  com­
p r e s s i o n  o f  the  abdomen o r  o f  the d e s c e n d i n g  a o r t a  sun  
r i s e  o f  r t e r i a l  p r e s s u r e , d u e  p r o b a b l y  t o  the 
in c r e a s e  5 vo lume f l o w  t o  the  r i g h t  h e a r t  and th e  gre-  t r 
v e n t r i c u l a r  o u t p u t .T h e  h e a r t  m u s c l e , t h e r e f o r e , c o u ld  
respond w e l l  t o  b e t t e r  f i l l i n g , a n d  w - s  n o t  e x h u s t e d .
In the c sa o f  A ca .pn ia ,w h ich  he r e g a r d e d  as  a common 
«use o f  T raum at ic  S h o c k ,H e n d e r s o n f9 6 ) found  t h ' t  i t  
was a s s o c i a t e d  w i t h  an i n c r e a s e d  ton u s  o f  the  h e a r t  
m usc le ,which  c o n d i t i o n  thus  d i f f e r e d  from  t h a t  o f  the  
other  o r g a n s . A s  the  v en ou s  p r e s s u r e . w h i c h  w> s r e q u i r e d  
to bs i n c r e a s e d  f o r  th e  d i a s t o l e  o f  the  h e a r t ,was dim­
in i sh e d ,  he  l o o k e d  on t h i s  hyp ’ r t o a u s  as an i m p o r t - n t
f
c o n t r i b u t i n g  f a c t o r  o f  the  c o n d i t i o n .
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I f  the  b l o o d  p r e s s u r e  w ere  v a r y  m a rk e d ly  i n c r e a s e d  
in  e x p e r i m e n t a l  sh ock ,I la n n i  142}  o b s e r v e d  th '  t  th e  h a r t  
responded w e l l . H e  p r o d u ce d  c o n s t r i c t i o n  o f  the  a r t e r i ­
o l e s  b y  t h e  i n j e c t i o n  o f  a d r e n i n , a n d  c u t  o f f  i n h i b i t o r y  
im pulses  b y  s e c t i o n  o f  the  v a g i , a n d  f o u n d  t h a t  the  
h e a r t  m u sc le  was q u i t e  a b l e  b’o r- i s e  the  3 , P. t o  a h ig h  
l e v e l . ¿ S i m i l a r l y ,b y  i n c r e a s i n g  the  i n t r a o r a n i  1 p r e s s u r e  
and c u t t i n g  the v a g i .
In the  c a s e  o f  e x p e r i m e n t a l  bhoek p r o d u c e d  b y  e x p o s ­
ure o f  a b d om in a l  v i s c e r a , I l o r r i s o n  and H o o k e r ( 1 6 8 ) fou n d  
that  th e  p o r t * 1 , a s s w e l l  ¡as th e  s y s t e m i c . v e n o u s  p r e s s u r  
f e l l . w h i l e  the  j u g u l a r  p r e s s u r e  remained p r a c t i c a l l y  
unchanged . These ch a n g e s » w h ic h  were  c o n f i r m e d  b y  G a scar  
and E r l a n g e r f 4 5 4 ) , i n d i c a t e d  t h a t  the  h e a r t  was a b l e  t o  
pumo on e f f i c i e n t l y  a l l  the b l o o d  t h a t  came t o  i t .
D i g g e r s ( 3 6 5 , 3  ‘ 2) , f r om  s t u d y  o f  the dynamics  o f  the  
c i r c u l a t i o n  i n  E x p e r im e n t a l  ¿ h o c k , f o u n d  t h a t  the  c a r d i a  
d i s c h a r g e  ■ ■ • • s " t  f i r s t  grn d ua l l y  i  n c r  e a s e d , a I  o n g  w i  th  
in c r e a s e  o f  e f f e c t i v e  v en ou s  p r e s s u r e , b u t  a. f a l l  o f  
aean a r t e r i a l  p r e s s u r e , O n l y  l a t e r  was the  e f f e c t i v e  
venous p r e s s u r e  and o u t p u t  o f  the  l e f t  v e n t r i c l e  reduce  
A l l  t h e s e  o b s e r v a t i o n s , t h a n , i n d i c a t e  t h a t  the  h e n r t  
muscle i s  n o t  p r i m a r i l y  c h a n g e !  in  sh o c k .
f a i l u r e  o f  t h e  h e a r t  m u sc le  .h o w e v e r ,  comes on s .econd-
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£ Ü Z .  to  f a i l u r e  o f  the  c i r c u l a t i o n  when the  oxygen  
supply  i s  i n a d e q u a t e f a n o x a e m i a ) . 
l i k e , G u t h r i e , a n d  S t e w a r t ( 5 3 ) i n  t h e i r  s t u d i e s  o f  
r e s u s c i t a t i o n  ö f t e r  e x p e r i m e n t a l  c e r e b r a l  anaem ia ,  
conc luded  t h - t  the  c o n t i n u e d  normal a c t i v i t y  o f  the
h e a r t  " is  d ep en d en t  on a p r o p e r  b l o o d  p r e s s u r e .  
Markwalder  ; ad Sts r l i n g f  1 2 6 ) a l s o  showed th? t , i f  the  
h ea r t  was t o  be  p r o p e r l y  s u p p l i e d  w i t h  b l o o d . i t  v s  
n e c e s s a r y  t o  m a in t a i n  the  3 . 1 . . In  the  e x c i s e d  h e a r t -  
l ung p r e p a r a t i o n  w i t h  a ca n n u l - ’ i n  the  c o r o n a r y  s i n u s ,  
the o u t p u t  f rom  t h e  c o r o n a r y  s i n u s  v  s d ependent  on thj? 
a r t e r i a l  p r e s s u r e , w h i e b  s h o u ld  be  30 m i l l i m e t r e s  o f  
mercury o r  o v e r . I f  th e  3 . P. f e l l  b e lo w  80 rams.of H g . , 
the c a r d i a c  c o n t r a c t i o n  b e g a n  to  weaken.
P a t e r s o n ( l ' 7 2 ) fou n d  t h a t  i n c r e a s e  o f  c? rb on  d i o x i d e  o r  
h y d r o g e n - i o n  c o n c e n t r a t i o n  in  the  b l o o d  c a u se d  the 
iieart t o  f a i l . H e  u s e d  the  i s o l a t e d  h e a r t - l u n g  p r e p a r a t ­
ion  from  l o g s  o r  c t s  u n d e r  c h l o r o f o r m - e t h e r  m i x t u r e .
On the o th e r  h a n d ,a d r e n a l i n  d i l a t e d  the coronary v e s s e l s  
and i n c r e a s e 5 the rate  and s t r e n g t h  o f  the v e n t r i c u l a r  ; 
c o n t ra c t io n ,  - . I  carbon d io x id e  a cl ; drenin gave - f a s t  
■vnd f a s t e r  c o n t r a c t i o n  end lo n g e r  rel -  x a t i o n , s o  th at  
greater f i l l i n g  'end maximum output r e s u l t e d .
( b ) .  Cl. EDI AC WEH730.
The h e a r t  beat-  i s  ' I s o  depen d en t  on the  n e rv o u s  
neehanism o f  t h e  h e a r t , as  e l l  s on the c o n d i t i o n  o f  
the h e a r t  m u s c l e ,a n d  i t  Tvs  b e e n  s u g g e s t e d  t h a t  t h i s  
neehnnism i s  - t  f  u l t  i n  p r o d u c i n g  the c i r c u l a t o r y  
f a i l u r e . D i t h e r  p a r a l y s i s  o f  the  i n h i b i t o r y  n e r v e s  o r  
sxces -.ive st im ul- '  t i o n  o f  the  •• c o a l e r s  t o r  n e r v e s  were 
viewed - s p o s s i b l e  o- u s e s . . . h i l e  b o t h  v i e w s  !r v e  been  
rendered u n t e n a b l e  in  r e s p e c t  o f  De layed  ¿ h o c k , i t  s t i l l  
remains p o s s i b l e  t h a t  such f  c t o r s  may b e , a t  I v s t  
d- r t i - l i y , c - u s e l  i n  the  c a s e  o f  Immediate ¿ h o c k .
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Qb s o r w  ti. ~ i i showed t h  t , i n  'Trauma t i  o Jhook as the  
b l o o d  p r e s s u r e  f e l l , t h e  r a t e  o f  t h e  h e a r t  b e a t  a a c  o -  
inore* s i n g l y  r a p i d .
In th. > c a s e  o f  E x p e r im e n t a l  .inoe h , i t  s f o u n d  th  t
f t e r  d e a t h , t h e  h e a r t , "3  w e l l  as t h e  a r t e r i e s , a p p e a r e d  
oon a o ted  ì 3 empty,w] i l e  t ; r e i  ,s ere f u l l , ?  s i  .
0 r i  1 e 1 s exp e r i i  a ant s ( 1 E, 75 ) ,
( 1 ) . I NHIBITION Of THE 0 WxJlQ-INHIBIIOHY OEIiTa,,.
H o w e l l (24  ) s u g g e s t e d  i n  1903 t h a t  t h i s  f a c t o r  l ig h t  
o c c u r  i n  s3 a o k .  He d i s t i n g u i s h e d  two form s  col s h o c k ,
0' r d i  c ■ nd va s e u l  ax-. In  gì rdi.< c s h o c k , t h e  p u l s e  u s 
very a p i d ,  it  f u l l , j  -B b l y  f r o  i i n h i b i t i o n  o f  tonus  
o f  the  c a r d l o - i n h i b i t o r y  c e n t r e ,  nd the  b l o o d  p r e s s u r e  
w s  g o o " . I n  v a s c u l a r  s h o c k , t h e  p u l s e  was a g a in  v e r y  
r a p i d , b u t  t h e  b l o o d  p r e s s u r e  w - s  l o w , 40 to  20 . i l l l i -  
metres o f  m e r c u r y ,p x - o b a b ly  f r o m  i n h i b i t i o n  o f  t h e  ton u s  
o f  the v a s o c o n s t r i c t o r  c e n t r e .
In the c a s e  o f  Immediate Traum atic  íáhook, the  s u g g e s t -  
ion  was m-‘ :.de th a t  the  c* u s e  h e r e  was a r e f l e x  i n h i b i t i o n  
o f  the C e n t r a l  Nervous c y s t  era, and e s p e c i a l l y  o f  the  
m edu l lary  c e n t r e s , such  s th e  c f d i o - i n h i b i t o r y , -  s o -  
ì o n s t r i c t o r , and m u s c l e - t o n s  c e n t r e s , E * g . , Janeway - .id 
Swing( 1 4 8 ) s u g g e s t e d  t h a t , i n  the  e a r l y  s t a g e s  o f  e x p e r i ­
mental shock  .p r o d u c e d  b y  e - i s c  ar. t i o n  and h a n d l i n g  o f  
the abdomin- 1 v i  seer-  , th e  c v . s e  was p r o b a b l y  i n h i b i t o r y  
’• f fe ren t  n e r v e  im p u lse  s .  Ho d i r e c t  o b s e r v a t i o n s  .w h ich  
flight i n d i o  t e  the  p r e s e n c e  o f  t h i s  i n h i b i t i o n ,  p p e a r  
to h»--vQ b een  nr da i n  th e  c u e  o f  Immediate Shook.
In r e s p s o t  o f  " e l -  y e ' ' Trau r - t i c  iho-ok, ori the  o t h e r
hand, e x p e r im e n t s  ,m'" de bo t e a t  bhe c o n d i t i  a o f  the
© a r d i o - i n h i b i t o r y  c e n t r e , h a v e  shown t h a t  th e  c e n t r e  i s
not  p r i m a r i l y  e f f e c t e d , and t h a t  i t s  i n h i b i t i o n  i s  n o t
p r e s e n t  i n  T ra u m a t ic  Shock.
lannf 142)  f ou n d  t l r - t , a f t e r  s e c t i o n  o f  b o t h  v a g i  , a x p er i j -
mental t r a u m a t i c  sh ock  d id  no t  d e v a l o o  more q u i c k l y .
The r e s p o n s e s  o f  the  c e n t r e , b o t h  t o  r e f l e x  and d i r e c t
e x c i t a t i o n  w ere  fou n d  b y  e x p e r im e n t s  t o  be u n im p a ire d .
I t  thus a pp ea red  t h a t , f o r  from  b e i n g  i n h i b i t e d , the
c e n t r e  was in  t o n i c  a c t i v i t y . l l a n n f l o c . c i t . ) showed t h a t ;
in  e x p e r im e n t a l  s h o c k  i f  the  c e n t r a l  end o f  t h e  c u t
vagus were  s t i m u l a t e d , th e  h e a r t  s l o w e d . I f  th e  o t h e r
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vagus were c u t , no s l o w i n g  t o o k  p l a c e . ¿ S i m i l a r ly , d i r e c t  
s t i m u l a t i o n  b y  i n c r e a s e d  b l o o d  p r e s s u r e . p r o d u c e d  b y  
i n j e c t i o n  o f  a d r e n i n , o r  f rom  i n c r e a s e d  i n t r a c r a n i a l  
p r e s s u r e . g a v e  r i s e  t o  s l o w  h e a r t  b e a t s , w h i c h  d i s a p p e a r ­
ed a f t e r  s e c t i o n  o f  t h e  v a g i . T h e s e  f i n d i n g s  w ere  c o n -  
firmed b y  th e  work o f  H i c h ( 5 8 8 ) .
( 2 ) .  Oyfot-dTIlIULATIJH Oi: IHB ACCBhikf TOh 
This p o s s i b i l i t y  was s u g g e s t e d  as the  ca u se  o f  the  
f a l l  o f  b l o o d  p r e s s u r e  b y  Blum i n  1 8 7 6 , and l a t e r  the  
same v iew  was a d o p t e d  b y  B o i s e ( 4 8 , 5 6 ) i n  19 0 7 . T h is  ex<- 
c a s s iv e  r e f l e x  s t i m u l a t i o n  o f  t h e  a c c e l e r a t o r  f i b r e s  
would g i v e  a c c e l e r a t i o n  i n  the  h e a r t  r a t e , a n d  • e c o r d i n g  
to B o ise  t o n i c  c o n t r a c t i o n  o f  the  h e a r t  and • r t e r i e s .
The h y p o t h e s i s  a p p e a r s  to  r e s t  e n t i r e l y  on s u p p o s i t i o n .  
B o isa f4 8 , 5 6 ) o b s e r v e d  t h a t , a f t e r  d eath  from  sudden f r i g h t ,  
the l e f t  v e n t r i c l e  m ight  b e  fou n d  ru p tu r e d .H e  su pposed
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t h i s  r e s u l t  t o  be  due t o  t o n i c  c o n t r a c t i o n , c o n s e q u a n t  
on o v e r - e x c i t a t i o n  o f  the a c c e l e r a t o r  n e r v e s , T h e  d e ­
p r e s s o r  r e f l e x  f rom  s t i m u l a t i o n  o f  the  t e s t e s  o r  the  
b r a c h i a l  p l e x u s , h e  s u p p o s e d  to  be an i n d i r e c t  e f f e c t  
o f  the  same f a c t o r . T h e  g r a d u a l  d e c l i n e  o f  b l o o d  p r e s s u r e  
and s l o w i n g  o f  th e  h e a r t  f rom  rvu i ipu l  - f i o n  o f  the 
i n t e s t i n e s , B o i s e  s u g g e s t e d ,was due t o  i r r i t a t i o n  o f  the  
i n h i b i t o r y  f i b r e s  o f  the  v a g u s ,T h e  t r e a t m e n t , i f  t h i s  
were the  c a u s e  o f  the  f a l l  o f  B . P . . w o u l d  b e  t o  s t i m u l a t e  
the c a r d i o - i n h i b i t o r y  c e n t r e , f : i d  thus  ■ n t a g o n i s e  the 
a c c e l e r a t o r  e f f e c t . n i s e  o f  B .P .w o u ld  t h e n  take  p l a c e ,  
p r o b a b l y , a c c o r d i n g  t o  B o i s e , f r o m  the  l e s s e n i n g  o f  
s y s t o l e  and th e  p r o l o n g i n g  o f  d i a s t o l e . B o i s e  t h e r e f o r e  
used v era trum  v i r i d e  o r  v e r - t r o n e  i n  l a r g e  d o s e s  i n  
Exp e r im e n ta 1 S h o c k .
I t  i s n o t  th e  c u s e  o f  shoe] : .
O b s e r v a t io n s  o f  t h e  s t a t e  o f  th e  h e a r t  i n  sh ock  showed 
that  i t  • s n o t  or im ' : r l l y  e f f e c t e d ; s . g .  r e s t o r a t i o n  o f  
the b l o o d  p r e s s u r e  b y  i n f u s i o n  o f  b l o o d  o r  g u m - s a l in e  
was a s s o c i a t e d  w i t h  a v i g o r o u s  r e t u r n  o f  the  he- r t  
b v  t .
In the a b s e n c e  o f  the  a c c e l e r a t o r  m e ch a n is m ,sh ock  may 
be p r e s e n t . A f t e r  rem ov a l  o f  the s t e l l a t e  g a n g l i o n f a n d  
so o f  the a c c e l e r a t o r  f i b r e s ) , O r i l e f I S ) f o u n d , trauma 
might n o t  p r o d u c e  a f a l l  o f  B . P . . B o i s e  i n t e r p r e t e d  t h i  
r e s u l t  as b e i n g  due t o  the a b s e n c e  o f  the  c a u s a l  f a c t o r .  
S e e l i g  and L y o n ( 9 3 ) . h o w e v e r , f o u n d  t h a t  i n  the  a b s e n c e  
o f  t h i s  f a c t o r  sh ock  was p r o d u c e d  j u s t  as  r e a . I i l y . T h e y  
obta ined  sh ock  a f t e r  s e c t i o n  o f  b o t h  a c c e l e r a t o r  f i b r e
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nil  v a g i , o r  a f t e r  rem oval  o f  the  s t e l l a t e  and c o e l . i a o  
y c n g l i a . w h i c h  thus  o u t  o f f  th e  - c c e l a r a t o r  n e r v e s . B o i s e  
( 5 6 ) . h o w e v e r , e x p l a i n e d  t h i s  r e s u l t  b e i n g  due t o  the  
escape f rom  c u t t i n g  o f  some o f  the  a o c e l e r a t o r  f i b r e s .
G0i:j0hUbI0E. I t  f o l l o w s  f rom  t h e  ■ b o v e  e v i d e n c e  t h a t  
i n s u f f i c i e n t  a c t i o n  o f  th e  h e a r t  i s  n o t  the cruise o f  th!e 
p r o g r e s s iv e  f a l l  o f  b l o o d  p r e s s u r e . i t e i t h e r  t h e  h e a r t  
m u s c l e ,n o r  the  two a n t a g o n i s t i c  s e t s  o f  c a r d i a c  n e rv e  
f i b r e s , i  i h i b i t o r y  and a c c e l e r a t o r , • re  r e s p o n s i b l e .
On the c o n t r a r y , t h e  h e a r t  i s  p r i m a r i l y  i n t a c t  i n  s h o c k  
i t  even r e s p o n d s  b y  i n c r e a s e d  e f f o r t  t o  c o u n t e r a c t  t h e  
low 3 . P . . b o t h  t h e  h e a r t  m u sc le  .nd th e  b a la n c e d  n e r v o u s  
mechanism c o n t r i b u t i e g .
f i n a l l y , a f t e r  t h e  c i r c u l a t i o n  f a i l s  and anoxaemia s e t s  
i n , t h e  h e a r t  m u s c le  f a i l s  s e c o n d a r i l y .
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2 . DIL;.T'TI0U OP TFP BLOOD T3S3EL8.
I n c r e a s e  in  t h e  w i d t h  o f  the v e s s e l s  would  d i m i n i s h  
ifhe r e s i s t a n c e  t o  the f l o w , a n d  c a u s e  a d e c r e a s e  i n  a r t -  
r i a l  p r e s s u r e .
The sm a l l  a r t e r i e s , i t  : s  w e l l  known,were  s u b j e c t  t o  
i l !:t - ’ t i o n  and c o n s t r i c t i o n ,  c o n t r o l l e d  b y  the /a so  mo t o r  
erv.es,• nd i t  wa3 t  f i r s t  sup p osed  th  =t d i l a t e  t i  m o f  
these a r t e r i e s  had o c c u r r e d , due t o  f a i l u r e  o f  the  v a s o - j 
o to r  m ech a n i? m .In  the c  se  o f  Immediate ¿h o c k  i t  i s  
o a s ib l e  t h a t  i n h i b i t i o n  o f  the v a s o c o n s t r i c t o r  c e n t r e  
icings d i l a t a t i o n  o f  t h e s e  ■ r t e r i s s  c a u s e s  the  sudden 
■roP o f  blood. p r e s s u r e . Ho o b s e r v a t i o n s  seem t o  have b e e f
da i n  t h i s  c o n n e c t i o n . I n  53 j c t  o f  B e la y e d  Tr um atic  
Shock, i n v e s t i g a t i o n  deraonstr  ted  11 1 the . 1 11 • t ? r i 3
?8re 1 i i l s t e d . b u t  c o n s t r i c t e d , and t l  the 'r- 3omotor 
lachnnisra was not  e x h a u s t e d  b u t  o v e r - a c t i v e  in  a r o -  
t e c t i v e  e f f o r t  t o  com p ensate  f o r  t h e  f a l l  o f  b l o o d  
eres w ir e .
’he v e i n s  I s o  engaged  a t t e n t i o n .  I t  was supposed t h a t
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fchs r i n s , esj ic i  11 y o f  bh -•)!•! n oh n ic c i r c u l  t i>>n r ■ r e
i l  ted in  f r a  urn b io  S h o c k , but t h i s  h y p o t h e s i s  a le e
crovj- aO +0 be erro n eo u s .
; t  eat io n  became d ir e c t e d  durinr the bur to  the c r o i l l
r ie s  md i t  became de o n strated  th t , i n  Traumatic
¿hock d i l a t a t i o n  o f  the c a p i l l a r i e s  e x i s t e d . In  con sequ en ce , 
The a r t e r i a l  p.  essure tends to f a l l  and bhe veno 1 pre  
ire to r i s e .  This  tendency .however,  i s  c o u n ter 1-c t e d  to 
3ome extent by another f a c t o r , v i z . c o n s t r i c t i o n  o f  the  
3m*511 r t e r i  e s (• n.1 v e i n s ) ,which te n  Vs to have the o_po;  
te e f f e c t . A s s o c i a t e d  i r e - i t  b l y  ' i t h  t h i s  wiae-sp. re~d 
a p i l l o r y  d i l a t a t i o n  i s  -  marice' s lo w ing  i n  the v e l o c i t y  
<pf the ) lo o d -s tren m  i n  the j a p i l l ;  r i  as .  At  the 35 ne 3 te 
he c'~-piil- r y  b lood becomes con cen tra ted  .p ro b a b ly  lo s in . ;  
plasma by t i  ns id :. l  m  bhr< . h bh 3 cs i l l s  ry  1 1 1 s ,  
rhich h ~re been rendered more e- s i l y  permeable by the 
ction o f  t o x i n s  on them 
(a) .SUPPOSED DILATATION OP ARTERIES-— 'TASOMOTOR NERVES
.
Through the -• s o c o n s t r i c t o r  nerves which re in  t o n i c  
o t i v l t y , t h e  sm all  r t e r i e s  in  p- r t i c u l  r nr y v  ry  in 
'■libre or to n e ,  nd thus regulr. : e the g e n e r - 1 • r t e r i a l  
res mire and the d i s t r i b u t i o n  o f  b lood to the v a r io u s
o r  us. ,These f i b r e s  )ri> i n a t e  i n  the v a s o c o n s t r i c t o r
c e n t r e  i n  thte m e d u l l  .w hose  ; o n io  a c t i v i t y  i s  m ain ta in ^
3d from c o n s t '  n t  r e f l e x  s t i m u l i . The t o n i c i t y  may be
e i t h e r  3 lore* se  ’ b y  s t i m u l - ' t i o i i  o f  o re  e s o r  f i b r e s , o r
3a cre  sed )y  st i i m l  ti< n f  ' 3j  f i b  re s.
Th 5 hy  b : 3 3 si g 3 jtad :h t  f a i l u r e  o f  the  v  so -
motor
jiechnnism ' M s t h e  c - u s e  o f  s h o c k .  I t  w s su p p osed  th  t  
d i l a t - ' t i o n  o f  th 3 :w 1 1  a r t e r i e s  must ca u se  the f a l l  o 
a r t e r i a l  p r e s  retro. In  T ra u m a t ic  ¿ h o c k , s e n s e r y  s t i m u l i  
i r r i t a t e d  the  p r e s s o r  n e r v e s  so exc  * s s i v e l y , t V  t  th e  
v a s o c o n s t r i c t o r  c e n t r e  was o v e r - s t i m u l '  ted  , and a c c o r d ­
i n g l y  bee  me d e p r e s s e d ,  3 x h " u s t e d , o r  i n h i b i t e d . Leonard 
l i l l (S3) sug; i s t e d  d e p r e s s i o n  o f  the s e n s o r y  3yn ; 3 ;.
The a f f e r e n t  p r e s s o r  i m p u l s e s  were  thus  w e a k e n e d ,o r  
3hunged i j ¡ t o  ' e p r e s s o r  i ia p u lsea .
Analogous i n s t a n c e s  o f  t h i s  su p p osed  r e f l e x  v a s o a i l -  t -  
t i o n  o f  the  sur 1 1  ■ r t e r i e s  •nre w e l l  k n o w n .G o l t z  had 
lo t  i c e d  t h a t  l i g h t  r a p i d  t a p s  on the  • bdomen o f  t h e  f r o  
a ansa d s t a n d s t i l l  o f  th e  lie r t  ‘ id r e f l e x  pa r a l y s i s  o f  
he b lo o d  v e s s e l s  o f  the a b d om in a l  c a v i t y . I t  was known 
h a t , i n  a n im a ls  u n der  c h l o r a l , s t i m u l r t i o n  o f  f f s r e n t  
n erves ,w hich  g e n e r a l l y  gave  a r i s e  o f  b l o o d  p r e s s u r e ,  
produced f ^ l l .  ' n l  many o t h e r  examples  o f  r e f l e x  vs so ­
i l 1 t a t i o n  were  w e l l  known.
A g a in ,e x p e r im e n t a l  d e s t r u c t i o n  o r  p a r a l y s i s  o f  the 
v a s o c o n s t r i c t o r  c e n t r e  a l s o  u n d o u b t e d l y  p rod u ced  
vascul  r  d i l - t a t i o n  o f  t h e  s p l a n c h n i c  o r  s k in  • r e a s .  
s t r u c t i o n  o f  t h i s  c e n t r e  m ig h t  be o r o d u c s d  b v  s e c t i o n
o f  the  c e r v i c a l  c o r d  o r  l o  sr 3d u l l  ; b y  p i t h i n g ( s  se 
h.,.yummery(30) ) ; b y  exposure  o f  the m edu l la  to  t h e  a i r ;  
by  i n j e c t i o n  o f  2 fo c o c a i n e  i n t o  t h e  m e d u l l a . O r i l e i 560)  
found t h a t ,  o f  t e r  the  u ip p l i e -  l i o n  o f  2 'I c o c a i n e , s t im ­
u l a t i o n  o f  the s c j / ’ t i c  n e r v e , o r  th e  i n j e c t i o n  o f  
s t r y c h n i n  g ' v e  no p r e s s o r  e f f e c t , w h ar s a s  i n j e c t i o n  o f  
ad r e n in  g a v e  a r i s e  o f  a r t e r i a l  p r e s s u r e .  G a sser  and 
S r p a n g e r f4 5 4 ) fou n d  t h ' t g f t e r  e x c i s i o n  o f  the abdominal, 
sy m p a th e t ic  c h a i n  and s e c t i o n  o f  the  s p l a n c h n i c  nervev 
E xper im enta l  Traum atic  ¿ h o c k  d e v e l o p e d  f a s t e r . T h e s e  
f ‘ c t s  m e r e l y  i n d i c a t e . h o w e v e r , t h a t  c o m p e n s a t i o n  b y  
v a s o c o n s t r i c t i o n  i n  -- l a r g e  p- r t  o f  the  b o d y  w-s  
p r e v e n t e d .
M a lco lm f3 9 ) em phas ised  t h a t  p  low  b l o o d  p r e s s u r e
did  n o t  n e c e s -  - r i l y  r e s u l t  f rom  a b r e a k -d o w n  o f  the  
vasom otor  m ech a n is m ,b u t  th "  fc i t  m ight  be  l - > r g e l y  d .e 
to aULiLl. .'¿ES l o s s  o f  b l o o d  v o l u m e . In  c? se s  o f  h .emorrliav 
e . g .  .where no e x h a u s t i o n  o f  th e  v a s o c o n s t r i c t o r  c e n t r e !  
W‘?s p r e s e n t , f ” 11 o f  • r t e r i a l  p r e s s u r e  o c c u r r e d , i l o r  v: 3| 
the f a l l  n e c e s s a r i l y  due t o  n l  x l i m  o f  the  » r t e r i e s j ,  
because th e  b i o  id w,;s n o t  t  r e s t . E e l *  -x  t i o n  wou ld  g i v e
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p- f a l l  o n l y  in  th e  l a r g e  a r t e r i e s , n o t  in  the  s m a l l e r  j 
such as  the  r a d i a l , H e f 2 9 , 3 9 , 5 7 , 5 8 ) s u g g e s t e d  th- t  c o n ­
t r a c t i o n  o f  the  sm a l l  r t e r i e s  m ight  p r o d u c e  the  fr 11 j 
o f  b l o o d  p r e s s u r e . H e  b e l i e  -ad t h : t  as  th e  v e s s e l s  con*  
trea ted  the  B . P . i n  them d e c r e a s e d . A s  the s m a l l  • r t e r i e s  
had a r e g u l a t i n g  o r  " s t o p - c 0c k " a c t i o n  on t h e  b l o o d - f l o f  
c o n t r a c t i o n  o f  the  •-r t e r i e s  p r o x i m a l  t o  th e  r e g u l ! t i n g
po int  gave  an i n c r e  ased 3 . P. , b u t  o f  t h o s e  d i s t a l  a
lowered  b l o o d  p r e s s u r e .
B e s id e s  the  n e r v o u s  r-.egrila.tion o f  t h e  b l o o d - s u p p l y . i t  
i s  p r o b a b l e , -  -> s u g g e s t e d  - - /  p l i e s ,  ! ,  t  c h e m ic a l
regu l - ' - t ion  e x i s t s  i n  the s m a l l e s t  a r t e r i o l e s f s e e  D i l a t ­
a t i o n  o f  t h e  C a p i l l a r i e s ) . On t h e  one h a nd , -a c id s  i n  
s l i g h t  o o n c e n t r a t i  n . a s  shown rj G a s k e l K l )  , © * g . l a c t i c  I 
a c id  in. m u sc le  , 00^ as  sho-m by B a y l i s s (19 ) .and Hooker  
( 1 2 2 ) , g i v e  v a s c u l a r  d i l a t a t i o n  and may thus  s u p p ly  
more b l o o d  where  i t  i s  n e e d e d . S i m i l a r l y , n i t r i t e s  
th er  m t i c a l l y . O n  t h e  o t h e r  h a n d , a d r e n i c  and p i t u i t r i n  
cause v a s o c o n s t r i c t i o n , a n d  thus  ten d  t o  m a in t a i n  norm al  
v a s c u la r  t o n e , I t  i s  p r o b a b l e , i n d e e d , t h a t  a d r e n in  i s  
i n c r e a s e d  in  T raum at ic  ¿h ock  a s  a p r o t e c t i o n  g a i n s t  
l o w e r in g  o f  b l o o d  p r e s s u r e ( s e e  CHADGDo I i'J I1 ri-ii .\Dri 
GrXi j 0
I s t h i s  d i l  t: t i o n  o f  th-e am^ll  a r t e r i a s  a c t u a l l y  
pres  ant i n  T raum at ic  Shook?
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Facts  o f  C l i n i c a l  nd Experiment-  1 O b s a r v a t i o a .
The s i m p l e s t  and most  d i r e c t  method to  p r o v e  t h i s  i s  
obta ined  b y  mere Hi ¿PHOTIOh . When o b s e r v a t i o n s  w i r e  
made t o  see  w h e th e r  a r t e r i a l  d i l a t a t i o n  was p r e s e n t , i t  
w-s found b s e n t .  C l i n i c a l  o b s e r v a t i o n s  i n  O p e r a t iv e  
Shock b y  LIalcolm( 4 ,2 0  , 3 3 ,3 3  , 4 0 , 5 7 , 5 8  ,5 8 2 )  i n  1893 
in d i c a t e d  th  t  th e  a r t e r i e s  e r e  c o n t r a c t e d , and t h a t ,  
a f t e r  o ¡ e r a t i o n s , though the  p u l s e  and b l o o d  p r e s  wire 
were g o o d , n e v e r t h e l e s s , s h o c k  might d e v e l o p . I n d e e d , t h e  
c l i n i c a l  p i c t u r e  o f  s h o c k , v i z . p a l l o r  o f  the  s k i n  and 
abdominal v i s c e r a . l o w e r e d  s u r f a c e  t e m p e r a t u r e , sm .11
p u l s e , and l o w e r e d  B .P .  .s c*  n t y  b l e e d i n g ,  a n u r i a , m g  e s t e l  
to M alco lm  t h a t  th e  v  s o m o to r  sy s tem  might  be i n t e n s e l y  
a c t i v e .
Sweating  • nd d i l a t a t i o n  o f  th e  p u p i l s  i n d i c a t e d , a s  
Cannoni.260)  s u g g e s t e d , t h a t  t a s y m p a t h e t i c  system  was 
a c t i v e .
In ab dom in a l  o er- t i o n s  i n  Wound S h o c k ,n o  d i l a t a t i o n  
o f  the  s p l a n c h n i c  v e s s e l s  was o b s e r v e d  b y  s u r g e o n s (2 4 0  
4 7 4 ) .A b s e n ce  o f  r - d i a l  p u l s a t i o n , a n d  o f  b l e e d i n g  from  
the c u t  v e s s e l s  , m ig h t  be a s s o c i " ' t e d  ,w i t h  . p u l s a t i o n  i n '
the l a r g e r  ¿ r t e r i e s . The v e i n s  a l s o  a pp ea red  t o  H a n d le  
3 h o r t (4 2 4 )  t o  b e  c o n t r a c t e d , and lie found t h ‘ t  i t  m ig h t  
be d i f f i c u l t  t o  i n s e r t  th e  t r a n s f u s i o n  n e e d l e .
¡Tor d id  f a c t s  f rom  Exn e r i m onta i  ¿hook t a l l y  w i t h  the  
■supposit ion. The a r t e r i e s  w ere  fou n d  empty i n  O r i l e ' s 
e x p e r im e n ts ( 1 5 , 5 6 0 ) . The r e t i n a l  b l o o d  v e s s e l s  were 
observed  b y  S a e l i g  and L y o n ( 9 8 ) t o  be m a rk e d ly  c o n t r a c t ­
ed.
These f a c t s , t h e n , d e m o n s t r a t e  t h a t  d i l a t a t i o n  o f  t i e  
smell a r t e r i e s  i s  a b s e n t  i n  s h o c k , a t  l e a s t  i n  t h e  s t a g e s  
o f  shook i n  w h ic h  t h e  o h s a r v a t i o n s  we ie  made, a n d , 
a c c o r d i n g l y , the  t o n i c  a c t i v i t y  o f  the  v a s o c o n s t r i c t o r  
f i b r e s  i s  n o t  l o s t  a l t o g e t h e r . C o m p l e t e  e x h a u s t i o n  o f  
the v a s o c o n s t r i c t o r  c e n t r e , t h e r e f o r e , i s  n o t  p r e s e n t  
and cann ot  be  the  c a u s e  o f  s h o c k .T h e  a b ove  m ethod,  
how ever ,d oes  n o t  g i v e  q u a n t i t a t i v e  d a t a . Some e x h a u s t i o n  
o f  the c e n t r e  may s t i l l  be  p r e s e n t . T h e  a r t e r i e s  may 
s t i l l  be  r e l a x e d  som ew h at ,but  e m p t y , t h e  b l o o d  h a v in g  
flowed on i n t o  th e  v e i n s , a c c o r d i n g  t o  O r i l e ( 6 5 5 ) i n  1928.
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Q r i l e ( 1 4 , 1 5 , 5 6 0 ) had fou n d  t h a t , i f  s t i m u l a t i o n  o f  
s e n s o r y  n e r v e s  w ere  o f t e n  r e p e a t e d , th© p r e s s o r  r e f l e x  
e f f e c t  g o t  l e s s  ans l e s s , u n t i l  none w?- s o b t a i n e d , o r  
even a d e p r e s s o r  e f f e c t . S i m i l a r l y , w i t h  the  i n j e c t i o n  
o f  s t r y c h n i n  i n  o f t e n - r e p e a t e d  d o s e s .
? o r t e r ( 2 2 , 4 4 , 4 5 , 4 6 , 4 7 }wes th e  f i r s t  to  t e s t  the  v a l i d -  
i t y  o f  t h e  a b o v e  h y p o t h e s i s  b y  e x p e r i iu n i t s .  The aethod 
he used was i n d i r e c t , a n d  c o n s i s t e d  i n  t e s t i n g  q u a l i t y t v  
i v e l y  and q u a n t i t a t i v e l y  the  p r e s  o r  and d e p r e s s o r  
r e f l e x e s  i n  s h o c k e d  a n im a ls .  The f a l l  o f  a r t e r i a l  
p re ssu r e  f r o m  s t i m u l a t i o n  o f  the  d e p r e s s o r  n e r v e , a n d  
the r i s e  o f  p r e s s u r e  f rom  s t i m u l a t i o n  o f  o t h e r  a f f e r e n t  
nerves  were  p r o p o r t i o n a t e l y  as  g r e a t  i n  s h o c k e d  as  in  
normal ^ n i m a l s . E . g . , s t i m u l a t i o n  o f  the c e n t r a l  end o f  
the d e p r e s s o r  n e r v e  i n  h shocked  animal gave  a 40  ^ 
f a l l  o f  B .P .  ,w h ic h  was as  gra*’ t  as i n  th e  normal anim al  
S t im u la t io n  o f  the  c e n t r a l  ends o f  the  b r a c h i a l  o r  
s c i a t i c , e v e n  f o r  many h o u r s , s t i l l  gave  r p r e s s o r  e f f e c t  
P r a c t i c a l l y  no d i m i n u t i o n  i n  th e  r e s p o n s e  t o o k  p la c e  
u n t i l  the  B .P .  had f a l l e n  t o  a -g- o f  the  o r i g i n a l  h e i g h t  
and the r e f l e x  o n l y  f a i l e d  when the  B .P .h a d  f a l l e n  so 
low that  anaemia  o f  the  c e n t r e  was c e r t a i n . I n  f a c t ,  
p r o p o r t i o n a t e l y , the  p e r c e n t i l e  r i s e  o f  B .P .  i n c r e a s e d  
as the B .P .  f e l l . I ^  g r o s s  m e c h a n i c a l  i n j u r i e s  o f  the  
° r o i n , ? o r t e r ( 4 4 ) f o u n d , th e  v a s o c o n s t r i c t o r  r e f l e x e s  were 
i n c r e a s e d . p r o b a b l y  f r o m  c o n c u r r e n t  im p u ls e s  from  the  
in jured  t i s s u e s .
S e e l i g  and L y o n f 6 4 , 9 6 ) c o n f i r m e d  t h e s e  r e s u l t s  b y
t e s t i n g  t h e  p r e s  *or a c t i o n  o f  the  vagus  i n  l o g s , a f t e r  
removal o f  the  s t e l l a t e  ■ id c o e l i a c  g a n g l i a  so as t o  
cut  o f f  the  a c c e l e r a t o r  n e r v e s .O n  s t i m u l a t i o n  o f  the  
c e n t r a l  end o f  the  c u t  va gu s  w i t h  the  o t h e r  vagus  
d i v i d e d , t h e y  fou n d  t h a t  th e  r i s e  o f  13.1. w- s p r o p o r t i o n ­
a t e l y  g r e a t e r  than i n  th e  normal a n i m a l . These r e s u l t s  
were a l s o  c o n f i r m e d  by  Mann( 1 4 2 ) , and b y  Janeway and 
Ewing( 1 4 8 ) .
¿ o i lm a n  and P i l c h e r ( 9 4 ) » h o w e v e r , o b t a i n e d  the  same 
r e s u l t s  as  P o r t e r , b u t  i n t e r p r e t e d  them d i f f e r e n t l y .
For ,? lood  p r e s s u r e s  b e tw e e n  70 and' 160 m m s.o f  H g . , t h e  
a b s o l u t e  r i s e  was the same.The p e r c e n t i l e  r i s e , t h e r e ­
f o r e ,  v a r i e d  i n v e r s e l y  to  th e  l e v e l  o f  B . P . , and the  r e ­
sponse o f  th e  v a s o c o n s t r i c t o r  c e n t r e  d id  n o t  b e a r  any 
simple  r e l a t i o n  t o  the B . P . . They c o n s i d e r e d  t h a t  the 
a b s o l u t e  r i s e  was a more c o r r e c t  in d e x  o f  the  d e g r e e  
o f  v a s o m o to r  r e s p o n s e  than  the  p e r c e n t i l e  ch a n ge .T h e  
v a s o c o n s t r i c t o r  c e n t r e  d id  n o t , t h e n , r e a c t  more power­
f u l l y  t o  s c i a t i c  s t i m u l a t i  n a t  low  p r e s s u r e s .
G u t h r i e ( 2 5 5 , 3 4 9 , 3 6 6 ) a l s o  f o u n d  t h a t , o n  s t r o n g  r e p e a t e d  
s t i m u l a t i o n  o f  the  b r a c h i a l , t h e  p r e s s o r  e f f e c t  d im in ­
ished a f t e r  a t im e ,a n d  i n  p r o f o u n d  sh ock  b o t h  the  
vasomotor  and r e s p i r a t o r y  r e f l e x e s  were p r o f o u n d l y  
d e c r e a s e d . The d e c r e a s e  i n  th e  p r e s s o r  e f f e c t  was b o t h  
a c tu a l  and p e r c e n t i l e . B u t  i n t e r p r e t a t i o n  o f  t h e s e  r s f l p x ;  
be thought  was d i f f i c u l t .
J ig g e r s  a l s o  o b t a i n e d  s i m i l a r  r e s u l t s ( 3 7 2 f t o  th ose  
° f  P o r t e r . A t  the  o n s e t  b o t h  p r e s s o r  and d e p r e s s o r  
r e f l e x e s  t o o k  p l a c e . A f t e r  e a ch  c r u s h i n g  o f  the  t e s t e s
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d e p r e s s o r  e f f e c t s  w ere  o b t a i n e d , *  l o n g  w i t h  ■■'.coeleratio 
o f  the  h e a r t , and 5 i c c e l e r a t i nn and a u g m e n t a t io n  o f  the  
respiration,.••..nd c o n s e q u e n t  i n c r e a s e  i n  e f f e c t i v e  venou  
p r e s s u r e , and on c e s s a t i o n  o f  the  s t i m u l i t i o n , the  B .P .  
re turn ed  t o  t h e  normal l e v e l . B u t  a f t e r  r e p e a t e d  c r u s h ­
in g ,  the r e c o v e r y  was l e s s  and l e s s .
A g a i n , S e e l i g  and J o s e p h f 1 4 6 ) ex p e r im e n te d  on r a b b i t s  
in  which  the  s u p e r i o r  c e r v i c a l  g a n g l i o n  had b e e n  remov 
ed and the  Gre t  A u r i c u l a r  Nerve c u t  24 h o u r s  p r e v i o u s ­
l y .  In  abdom inal  s h o c k , t h e  normal e a r  remained b la n c h e d
the d e n e r v a t e d  e a r  s l i g h t l y  f l u s h e d .  I f  the a o r t a  . /ere 
*
clamped t o  g e t  a sudden  r i s e  o f  a r t e r i a l  p r e s s u r e , the 
a r t e r i e s  o f  t h e  i n t a c t  e a r  s t i l l  rem ained  c o n s t r i c t e d ,  
those o f  the  d e n e r v a t e d  e a r  became d i s t e n d e d , b u t  the  
d i s t e n s i o n  was l e s s  th a n  in  the  norm al  a n i m a l . B i m i l a r
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r e s u l t s  w ere  o b t a i n e d  b y  Mann(1 4 2 )  f o r  t  e a r t e r i e s  o f
the d o g ' s  t o n g u e , t h e  r a b b i t ' s  e a r , t h e  k i t t e n ' s  o r
p uppy 's  paw ,end  the  r e n a l  a r t e r i e s .
D i r e c t  c h e m i c a l  e x c i t a t i o n  b y  i n c r e a s e d  H y d r o g e n - i o n s ,
\
Mann( 1 4 2 ) f o u n d , had a marked e f f e c t  on  t h e  v a s o c o n s t r i c t ­
o r  c e n t r e  in  s h o c k .H e  s t i m u l a t e d  the  c e n t r e  b y  asphyx ia ,  
caused b y  an a r t i f i c i a l  p n e u m o t h o r a x , i n h a l a t i o n  o f  a 
high p e r c e n t a g e  o f  Carbon D i o x i d e , o r  i n c r e a s e d  i n t r a -  
cra.nl,«- 1 p r e s s u r e , a n d  fou n d  as g r e a t  a r i s e  o f  B .P .  
a f t e r  shock  was p r o d u c e d  as  b e f o r e .
These e x p e r i m e n t s , t h e n , show t h a t  the  v a s o c o n s t r i c t o r  
centre i s  n o t  c o n p l e t e l y  p a r a l y s e d , a n d  t h a t  i t  s t i l l  
has s ome d e g r e e  o f  a c t i v i t y , A  p e r c e n t i l e  r i s e  o f  B . P . , 
however ,may s t i l l  d e n o t e  some l o s s  o f  a c t i v i t m n  the
c e n t r e , f o r  an i n t a c t  c e n t r e  s h o u ld  be c a p a b l e  o f  g i v ­
ing an u n im p a i r e d  ab s o l u t e  r i s e . T h e  c e n t r e  may be  
o v e r a c t i v e  'and u n a b le  t o  k e e p  up the  B . P . . I t  may e f f e c  
o n ly  v sm a l l  - d d i t i o n ? 1 , b u t  s t i l l  p e r c e n t i l e  r i s e .
These e x p e r im e n t s  have  l i m i t a t i o n s . They o n l y  p r o v e  
f o r  t h i s  one v a r i e t y  o f  shock- due t o  s t i m u l a t i o n  o f  
a f f e r e n t  n e r v e s , n o t  f o r  a l l  k i n d s  o f  s h o c k . T h e y  a r e ,  
m o r e o v e r , i n d i r e c t  m e t h o d s .
VAIvI TIONS I1J THE klihu.%1 L A D  7BJ0IJ1 P n a o o t k n o . 
¿ e e l i g  and l y o n ( g S )  f ou n d  t h a t , i n  E x p e r im e n t a l  ¡shock, 
a long  w i t h  i n c r e a s e  in  venous  o u t - f l o w  from  th e  f e m o r a l  
v e in  th e  v e n o u s  p r e s s u r e  was i n c r e a s e d .
’.i i g g e r s  (365 ,3 7 2 )  c o n c l u d  ad f  rom h i  s s tu d y  o f  th e  
dynamics o f  the c i r c u l a t i o n , t h a t , i n  th e  i n i t i a l  s t a g e ,  
there  was a d im in is h e d  p e r i p h e r a l  r e s i s t a n c e  from  the 
f a l l  o f  ■ r t e r i a l  p r e s  sure and th e  g r a d u a l  r i s e  o f  
venous p r e s  iu r e . B u t , in  th e  p r o g r e s s i v e  s t a g e f o r  in  
severe  sh ock  f rom  the  f i r s t ) t h e  v en ou s  p r e s s u r e  f e l l  
very  r a p i d l y  and a t  the  end became v e r y  l o w .
In man th e  v e n o u s  p r e s s u r e  may b e  e s t im a te d  most  
simply , c c o r d i n g  to  H o w e l l ( 6 2 5 ) , b y  the  method o f  Gasrt-- 
ner.The e x t e n d e d  arm i s  r a i s e d  s l o w l y  u n t i l  th e  v e i n s  
o f  the hand j u s t  d i s a p p e a r , T h e  h e i g h t  above  th e  c o s t a l  
angle g i v e s  the  v en ou s  p r e s s u r e  i n  the  r i g h t  a u r i c l e .
PLETHYSMOGRAPHY.
By o b s e r v a t i o n s  on the volume o f  the  d o g ’ s leg .L iuns
(1 9 0 )s t u d i e d  v a s o c o n s t r i c t o r  t o n e . I n  E x p e r im e n t a l  Abdon 
m o l  ¿h ock  u n d er  e t h e r , t h e  l e g - v o l u m e  showed on
157
immediate f a l l  w i t h  the  f ’ -11 o f  b l o o d  p r e s s u r e , sometimes 
r e t u r n i n g  t o  n o r m a l , t h e n  u n d e r g o in g  a g r a d u a l  f a l l ,  
which c o n t i n u e d  as l o n g  3 th e  s t i m u l a t i  m  l a s t e d , a n d  
amounted t o  2 - 1 0  o c s . . '.'/hen m a n i p u l a t i o n  c e a s e d ,  the  
volume r o s e ;w h e n  n a n i p u l a t i o n  was r e s u m e d , i t  f e l l .  The 
a r t e r i c 1 p r e s s u r e  v;>?s mt i n t a i n e d  t h r o u g h o u t , o r  evan 
rose  above  n o r m a l . Whan v a s o c o n s t r i c t i o n  v/as a o s e . i t , the  
B.P. tended  t o  f ■ 11 ;whan v a s o c o n s t r i c t i o n  was p r e s e n t  
but s l i g h t l y , t h e  B .P .  was b e t t e r  m a in t a in e d ;w h e n  v a s o ­
c o n s t r i c t i o n  was m arked ,  the  B .P .  was b e t t e r  . maintained 
or even r a i s e d .  T h e r e f o r e , i n c r e a s e d  v a s o c o n s t r i c t o r  
tone h e lp e d  to  m a in t a in  t h e  B . P . , and was p r o b a b l y  
r a ise d  in  the  e a r l y  s t a g e . T h e s e  r e s u l t s  w ere  p r o b a b l y  
e x p la in e d  b y  t h e  v- r i a t i o n s  i n  norm al  d e g r e e  o f  v - s o -  
e o n s t r i c t i o n , as  the  v a s o c o n s t r i c t o r  c e n t r e  was p r o b - b l ;  
not- a v a r i a b l e  f a c t o r .  I f  the  normal va s o c o n s t r i c t i o n  
iwa.3 g o o d , t h e  3 . P .w as  m a in t a i n e d  o r  even r a i s e d , b u t  i f
weak o r  • b s e n t , th e  B .P .  t en d ed  t o  f  11. 
the  c* se  o f
In^M ech an ica l  chock .p r o d u c e d  b y  a 2 - h o u r  p a r t i a l  
o c c l u s i o n  o f  the  I n f e r i o r  Vena 'Java, Janeway and J a c k s o n
(191) s t u d i e d  t h e  Tolurae o f  i n t e s t i n a l  l o o p s . A t  f i r s t  
during the  o c c l u s i o n . v a s o c o n s t r i c t i o n  t o o k  p l a c e  a l o n g  
rHth a f a l l  o f  a r t e r i a l  p r e s s u r e , th en  the  v a s o c o n s t r i c t  
or tone w . s  d e c r e a s e d , bu t  n o t  l o s t . T h e  t o n e  v a r i e d  
d i r e c t l y  w i t h  the a r t e r i a l  p r e s s u r e . I n  a 2 - h o u r  p a r t i a l  
o c c l u s io n  o f  t h e  a o r t a , t h e  v - s o c o n s t r i c t o r  t on e  was 
decreased d u r i n g  o c c l u s i o n , b u t  i n c r e a s e d  even  beyond 
lormal d u r in g  d e o c c l u s i o n , t h o u g h  the  a r t e r i a l  p r e s s u r
■r,3 lo w ,a n d  t h e n  l a t e r  i t  ’..'as d e c r e a s e d . The to n e  wc.;
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o
g e n e r a l l y  o n l y  norm al ,whan the B .P .  w> s l o w , i n s t e a d  o f  
b e in g  a b ove  n orm a l .  These r e s u l t s  were  c o n f i r m e d  b y  
S r l a n g e r f  256 ,2 5 7  ,456 ,4-58 ,4 6 0 )  ,and b y  0- t t e l l f  614)  .
BY LI3A3UKIAG THE OUT-PhOh OF 3 1 0 OP FkOIl THE TEI ¡6 , 
v  som otor  e f f e c t s  may be  d e t e r m i n e ! . B eer  u/.se i n  f l o  
o f  b l o o d  f rom  the  v e i n s  i m p l i e s  v a s o c o n s t r i c t i o n .
S s e l i g  and L yon f  6 4 , 9 8 )  ob se :  red th; b, in .  E x p e r im e n t a l  
Bbock, i n c r e a s e  in  b l o o d - f l o w  from  the  f e m o r a l  v e i n ,  
« f t e r  s e c t i o n  o f  th e  s c i a t i c  n e r v e , w r g  g r e a t e r  than 
in the lormal a n i m a l , i . e . v a s o c o n s t r i c t i o n  r i  era ;  se 
This r e s u l t  was c o n f i r m e d  b; M a n n (1 4 2 ) ,a n d  b y  G uthr ie  
( 2 5 5 ) , who fou n d  22 fa i n c r e a s e  b e f o r e h a n d  76 a f t e r  
shock . t
ARTIFICIAL PEHFJBIOh.
This method ;■* s used  b y  Bollmau and P i l c h e r (9 4 )  t o  
s l im in ;  te the s im u l t a n e o u s  c a r d i a c  e f f e c t , t h e  p s s i v  ) 
e f f e c t , and the  a c t i o n  o f  drugs such s ” dr >nin. They 
used the s p l e e n  o f  d o g s , s o m e t im e s  th e  k i d n e y . T h e  a r t e r i
1 c o n n e c t i o n s  'e re  s e v e r e d ,a n d  th e  n e r v e s  l e f t  i n t  c 
The v a g i  w ere  ’ i v i u e d . B l o v i n g  o f  th e  o u t - f l o w  c o r r e ­
sponded to  "  ' s o c o  a s t r i c t i o n .  Maximal s t im u l i  t l-o.il o f  th£ 
c e n t r a l  end o f  the  s c i a t i c  g 1v e  a d e c r e a s e  o f  20 f .  
D ir ec t  s t i m u l a t i o n  o f  t h e  c e n t r e  b y  sphyxi?  c o n t in u e d  
to g i v e  a marked v a s b c b n s t r i c t i o n . a s  t h e  P .P .  f e l l , e v e n  
f o r  a few m in u te s  a f t e r  3e& th (102 J. B i m i l 1 r r e s u l t s  
■-ore o b t a i n e d  i n  th e  c a s e  o f  h: e m o r r h a g e ( s e e  CAUBAL 
JiAGTORii— H a e m o r rh a g e ) . B a y l i s s ( 2 4 1 ) , using; : s i m i l a r  
method o f  a r t i f i c i a l  p e r f u s i o n  o f  t h e  l im b  o f  . c r . t ,
-*fs° found t h a t  a f-  11 o f  a r t e r i  1 p r e s s u r e  p r o d u c e d
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3 ip h a ra l '  -- s o c o n s t r i e t d  . t h r o u g h  th e  n e r v e s .
Eorriso  1 ■ nd H o o k e r f l 88) a l s o  f ou n d  t h a t , i n  t h e  p e r ­
f u s i o n  o f  th e  b l o o d  v e s s e l s  o f  o r g a n s , t h e  o u t - f l o w  
from th e  v e i n s  was 1 a c r e a g e . ! , f t e r  s h o c k  v - 3  p r o d u c e d .  
I f  the n e r v e s  w ere  s e v e r e d , t h e  o u t - f l o w  m. s in c r e ?  3ed .  
The s t a g e  o f  sh ock  wn s n o t  Trent i o n  e l  ,and i n  t h e s e  exp 
iments g r e a t  d i s t u r b a n c e  o f  t h e  v? s c u l a r  a r e a  was 
i n e v i t a b l e , and p r o b a b l y  the t i  i sue  c e l l s  were i n j u r e d  
o r  d e s t r o y e d  b y  c o n t  a t  v' i t h  the  p e r f u s a t e . E e n c e , 03 
B e l t , S m i t h ,  id ■' i p i e f 489 )p o i n t e d  o u t , d e d u c t i o n s  must 
a l l o w  f o r  t h i s .
INFLOW INTO THE .I..o v/- .3 measured b y  B a r t l e t t f  12
The a v era ge  r a t e  o f  i n t e r m i t t e n t  i n f l o w  o f  s a l t  s o l u t ­
ion  u n der  c o n s t a n t  p r e s s u r e  i n t o  the f e m o r a l  r t a r y  o f  
a dog rr‘ s m e s u r e d . D e c r e a s e  in  r a t e  i m p l i e d  v a s o ­
c o n s t r i c t i o n .  The r a t e  was 36 f> f a s t e r  i n  shock th a n  i r  
the normal d o g , i . e . t h e  v a s o m o t o r  t o n e  w  3 d e c r e a s e d .  
The i n c r e a s e d  r a t e  d i d n ' t  b e g i n  t i l l  a f t e r  th e  f a l l  ii: 
b lood  p r e s s u r e  had s t a r t e d . T h e  i n c r e a s e d  r a t e  was not  
due t o  the  v e n o u s  o r  c o l l a t e r a l  a r t e r i a l  c i r c u l a t i o n ,  
because  the  p r e s s u r e  was h i g h  enough t o  n u l l i f y  such  
e f f e c t s ;  and the  amount o f  s a l i n e  used  f e . g . 100  c c s .  
in 3 h ou rs  ) 'was t o o  s m a l l  t o  a f f e c t  the  B . P . .
E r la n g er  and h i s  c o w o r k e r s f 3 5 7 , 4 5 4 ) c o n f i r m e d  t h e se  
r e s u l t s  in  the  c a s e  o f  E x p e r im e n ta l  Abdominal  Shock.
The i n f l o w  r a t s  a t  f i r s t  was n o r m a l l y  r e d u c e d , t h e n  
g r a d u a l l y  i n c r e a s e d , i . e . t h e  v a s o c o n s t r i c t o r  t o n e  was 
-3-t f i r s t  i n c r e a s e d , b u t , a f t e r  the  a r t e r i a l  p r e s s u r e
hwd f a i i 6n to  30 m i l l i m e t r e s  o f  m e rcu r y  o r  s o , t h e  tone
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had become s u b n o r m a l , though I t  w  s n e v e r  e n t i r e l y  l o s t  
In e x p e r i m e n t a l  s h o c k , inducer] b y  t e m p o r a r y  p a r t i a l  
o c c l u s i o n  o f  th e  I n f e r i o r  Ten1-- Cava . s i m i l a r  r e s u l t s  
were o b t a i n e d  b y  E r l a n g e r  and h i s  c o w o r k e r s f 2 5 7 , 4 5 6 ) .  
During o c c l u s i o n . v a s o c o n s t r i c t i o n  was a s s o c i a t e d  w i t h  
r i s e  o f  v e n o u s  p r e s s u r e  and f e l l  o f  r t e r i  l . o n d  was 
p r o b a b l y  ca u sed  b y  the anaemia thus  p r o d u c e d . L a t e r , 
the tone  -g' va  w- y , p r o b a b l y  f r o m  d e p r e s s i o n  o f  the  c e n t  
by the anaemia .D u r in g  d e o c c l u s i o n , the  v  s o c o n s t r i c t o r  
tone i n c r e a s e 3 , a l o n g  w i t h  the  r i s e  o f  a r t e r i a l  p r a s ' m r ^ , 
and o f t e n  c o n t i n u e d  t o  i n c r e a s e  a f t e r  t h e  a r t e r i a l  
p r e s s u r e  had begun t o  f a l l , b u t  e v e n t u a l l y  i t  u n d e w e n t  
a s low d e c r e a s e  . p r o b a b l y  from  t h e  e x p o s u r e  o f  the aairaa 
and d im in is h e d  b l o o d  s u p p l y . A f t e r  the  3 . ? .  f e l l  t o  50 
rams.of Hg. . b o t h  r a p i d l y  d e c l i n e d , b u t  some r e s i d u a l  ton^  
remained. The c o n s t r i c t i o n  was l e s s  than  i t  sh ou ld  be  
in  the  normal ■•nimal. .-¡/ith low  a r t e r i a l  p r e s s u r e ,  t h e  cor 
s t r i c t i o n  was o n l y  at  t h e  normal l e v e l  i n s t e a d  o f  h ig h s  
because the  v a s o c o n s t r i c t o r  c e n t r e  was somewhat d e p re s s  
3 . In t e m p o r a r y  p a r t i a l  o c c l u s i o n  o f  t h e  T h o r a c i c  A orta  
the v a s o c o n s t r i c t o r  mechanism was e f f i c i e n t .
Cannoni4 3 8 , 6 1 4 , 6 1 6 ) o b t a i n e d  r e s u l t s  c o n f i r m i n g  t h o s e  
) f  B a r t l e t t  and B r la .n g er .E e  u s e d  a method o f  c o n t r o l l i n g  
she a r t e r i a l  p r e s s u r e  b y  v a r y i n g  t h e  p e r i c a r d i a l  p r e s  cur  
by means o f  a f u n n e l  and c a n n u l a , f i l l e d  w i t h  s a l i n e  
and c o n n e c te d  t o  th e  p e r i c a r d i " !  s o , h e  c o u l d  a r t i f i c ­
ia l l y  com press  o r  re le*  s ; the  h e a r t , - n d  so  d e c r e a s e  o r  
iLasrease the  a r t e r i a l  n r e s s u r e .  I f  th e  B .P .  were  h e l d
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t  60 mms.Hg. f o r  1 h o u r ,a n d  th  m th i c o m p r e s s i o n  r e ­
lea sed  , c o m p lo t a  r e s t o r a t i o n  o f  3 , 1 .  a t  f i r s t  t o o k  p L -o s  
out became l e s s  and l e s s  w i t h  each  s u c c e e d i n g  t e s t .
7* sod n o t a t i o n  d id  n o t  o c c u r  u n t i l  the  a v e r a g e  B .P . l iad  
been re d u c e d  t o  65 ransEg. . T h i s  downward t e n d e n c y  s no 
lue t o  l o s s  o f  b l o o d  v o lu m e , a s  shown b y  the  h- e m a t o c r i t  
r e a d i n g s . T h e r e f o r e . p r o b a b l y  th e  n e rv e  c e n t r e s  were 
lamaged b y  in a d e q u a t e  c i r c u l a t i o n .
Summary. In  the  i n i t i a l  s t a g e  o f  B e layed  S h o c k , t h e  
tonus o f  th e  v  s o c o n s t r i c t o r  c e n t r e  i s  i n c r e a s e d  and 
the sm al l  • r t e r i e s  a r e  d i l a t e d . A s  sh ock  p r o g r e s s e s , the
onus d ro p s  b- ck  t o  the  norm al  l e v e l , a n d  t h e n  g r a d u a l l y  
d e c l i n e s . Even i n  the  idva need s t a g e , t h e  t o n u s  s t i l l  
e x i s t s .
C o n c lu s io n .  E x h a u s t i o n  o f  the  v a s o m o t o r  mechanism i s
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lo t  the c a u s e  o f  Traum atic  S h ock .T h e  t o n i c  a c t i v i t y  o f  
fie v a s o c o n s t r i c t o r  f i b r e s , a s  d e te r m in e d  b y  the  c o n d i t ­
ion  o f  the  s m a l l  • r t e r i e s , e t c . i s  a p p a r e n t l y  n o t  d e c r e a s ­
ed in  the e a r l y  s t a g e s , a n d  a c c o r d i n g l y  c o m p le t e  p a r a l y s i s  
o f  the v a s o c o n s t r i c t o r  v e n t r e  i s  n o t  a lw a y s  p r e s e n t  in  
f  ho ok ,and  t h e r e f o r e  c a n n o t  be  the  c a u s e .
The t o n i c  a c t i v i t y  o f  th e  c e n t r e  a p p ea rs  t o  v a r y  i n  
he d i f f e r e n t  s t a g e s  o f  s h o c k . A t  the  t im e o f  i n j u r y , i t  
may show a t e m p o r a r y  i n h i b i t i o n ,  i . e . i n  Immediate ShocJjc. 
In the i n i t i a l  s t a g e  o f  B e la y e d  S h o c k . i t  may be more 
a c t i v e , T h i s  h y p e r a c t i v i t y  c o n t i n u e s  as  l o n g  as  the  3 .P  
remains u p , b u t  l « t e r  a f t e r  the  3 . P. b e g i n s  t o  f a l l , t h e  
vasomotor t o n e  i s  d e e r i a s e d , and when the  B . P . h a s  f a l l e n  
fo  about 50 rams. H g . , the  ton e  i s  d e f i n i t e l y  Subnormal
Even a t  tK.e e n d , s o m 5 s l i g h t  r e s i d u a l  t o n e  rem a in s .T h e  
t o n e , t h a n , d o e s  n o t  v a r y  d i r e c t l y  w i t h  th e  a r t e r i a l  p r o
u r e . I t  c r y  be i n c r e a s i n g  when the  p r e s s u r e  i s  f a l l i n g ,  
and may be a b ove  norm al  whe 1 the p r e s  sure i s  b e l o w  
norm al .The  f a i l u r e  o f  v a s o c o n s t r i c t o r  to n e  i s  n o t , th  m 
the ca u se  o f  the  low  B . P . .
In the  c a s e  o f  T raum at ic  s h o c k , due t o  e x p o s u r e  ■ nd . 
ms.niyula.tien o f  the a b d om in a l  v i s c e r a , h o w e v e r , d i l a t a t i o n  
o f  the  sm all  a r t e r i e s  ( v e i n s  and c a p i l l a r i e s  )p r o b r .b ly  
o c c u r s  ad i n  p- r t  o n u s e s  the f • 11 o f  B . i . ( see
T'.T '? .A r?  T ' ' rr • t  .! - \• -LiU ± -L -X'i  ̂J-‘ <huXHivT •
vVHT IS I  HE CUBE 01: THI6 7 nOCOhbTrlOTIOIi?
The c t i - ' i t y  o f  t h e  ' s o c o n s t r i c t o r  c e n t r e  in  the  med­
u l l a  i s  g e n e r a l l y  su p p osed  t o  be  the  c a u s e , b o t h  b y  
r e f l e x  s t im u l -  t i o n  and b y  i t s  t o n i c  c t i v i t y .
Other f a c t o r s  a re  the  s p i n a l  v som o to r  c e n t r e s , t h e  
t o n i c i b y  o f  the  3k s i  a t  1 m i s e l e s . t h e  h e a r t  be p, id 
t o n i c i t y  o f  t h e  b l o o d  v e s s e l  w a l l s  t h e m s e l v e s ,
Pike  nd h i  3 c o w o r k a r s f 1 2 1 , 1 3 8 , 6 6 9 ) fou n d  t h  t  w i t h  tha 
s p in a l  c o r d  removed t h e r e  w-. s a r e s i d u a l  b l o o d  p r e s s u r e  
equal to  33 rams o f  H g . . T h i s  r e s i d u a l  3 , f . .w i t h  the 
sp in a l  c o rd  t r a n s e c t e d , o r  ; a e l i m i n a t i o n  o f  th e  
oulb- r  mechanism b y  anaemi- , tr* v i s e c t i o n  o f  the  l o w e r  
c e r v i c a l  s p i n a l  c o r d , o r  b y  d e c e r e b r a t i o n  and It t e r  
t r a n s e c t i o n ,  ; « s  '’ r e n t e r  thn th? t f t e r  c o m p le t e  r e -  
novai o f  t 1 e s p i n a l  c o r d . T h i s  r e s i d u a l  B . r . was Vue 
aainiy to  t o n i c  c o n t r a c t i o n  o f  tire s k e l e t a l  m u s c l e s , 
f o r  under  c u r  r -  i t  was s l i g h t .  The s p in a l  vasomotor*,  
m tres  pw  yed some p a r t  a l s o , • s w e l l  us th * • uboncmie
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nervous system , ’ rob  b l y , t h e n , t h e  r s om oto i  ce yre 
c o n t r o l l e d  the B .P .  îorm l l y ,  >ut, hen i t  i n  b ?:•- 
a n c e , th e  s h o r te n  c o n n e c t i o n s  n ight  be c o t  b l i s h e d  
through 3eg r e n t s  ■f p .e  s p i n  i l  c o r d .
Chemical p e s c i  es i.v -j  b . o r w t i v e  ab so  bo some e x t e n t  
Jhe i n o r e  sed s e c r e t i o n  r e n i  , e . g . ,  h i c h  p'rob >1
o c c u r s  i n  the  i n i t i  1 7: g e , iay h e l p  t  p r o d u c e  - 30-  
oc i s t r i c t i  d thus . i n t  i i t h e  rmal v? c u i  i  
bone.
'■/HAT Io  min bIG-r 11 IC.; IGh 01 IHIo 7. üOüÜ.^I. .1 J l lO h ?
I t  would  s e e r a , t h e r e f o r e , t h a t  the  v ■ s o c o n s t r i c t o r  c e n t  
i n t e r a c t s  t h e  f a l l  o f  B .P ,  b y  i n c r e a s e d  c t i o n ,  3 .. 
is  -m oth er  I n s t a n c e  o f  a p r o  t e c  t i r e  mechanism.The v a s o -  
o n s t r i c t i o n  o f  th  ; srn 11 r t e  1 îs . t  ■ s t o  d i  ì i n i s h  
the CRj i c i t y  o f  bl î v? 3 c u lá r  system ,a  S so  a i it? in* the  
p r o g r e s s i v e l y  f a l l i n g  B .P .
Ihe c o n v e r s e  i s  seen  i n  the  p lv  r m o c o l o g i c a l  •••ction o f  
: ‘ .m t a l i  ■ ' ? the  B #P, .An i n o r e  sed s f f  i  c i  ency  o f  the  
a r t  i s  compens ted  >y ? s l i g h t  d im i n u t i  i in  t h e  ton e  
— the v a s o c o n s t r i c t o r  c e n t r e . w h i c h  r e d u c e s  the  p e r i ­
pheral r e s i s t a n c e  a nd g i v e s  a gre-  ber f i o  ? o f  b l o o d .
Che i n e r s a s  ;cl volume f l o w  o f  b l o o d  t o  th e  b r a i n  c r u s e s  
h i s  r e d u c t i o n  i  i to-n®#a coord in>  bo C u s h n y (1 7 7 ) .
As the b l o o d  p r e s s u r e  f  l i s  and the  b l o o d  s u p p ly  o f  
lie c e n t r e  f  i l s ' , t h e  a c t i o n  l e s s e n s ,  nd t  l a s t  i t  .nay 
09 unable  t o  resp ond  . p i k e  , G u t h r ie ,a n d  Jtsw-• r t ( 5 4 ) , how- 
5 rr » c o n c lu d e d  f rom  s t u d y  o f  e x p e r i m s n t r l  c e r s b r n l  
• 'Si-ami* , t h a t  the  v- s o c o n s t r i c t o r  c e n t r e  •„* s  ̂ rob- b l y
sors r 'm s t - .n t  then the  es . i r a t o r y  c e n t r e , s i t  f-  i i s
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in l l y  and b e g  . t f  a ; t i o n  30 m e . on r : i c bi 
®  i l o s  i f  bo 8 , t h e n , I s  fed r s s t i l t , nc l o t  >hs j a u s e ,  
) f  the  l o iir 3 . P. .
In E x p e r im e n t a l  Shook ,w hen s t i m u l a t i  n o f  s - i s o r y  
larva i i l s  t o  g i v e  th  u s u  1 p i  e s s o r  e f f e c t , t h e  t o n i c  
c t i v i t y  o f  t h e  c e n t r e  may be  ra v i m u l . I t  i s  a l r e a d y  
C o n s t r i c t i n g  ;ha mall r t s r i e a  3 auch as  os  l i b l e  i n
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ihe e f f o r t  t o  compens;  t e  f o r  the  f a l l  o f  a r t e r i a l  p r e s  
ure ,  lío i n c r e a s e  o c c u r s  b e e  mis  3 the  s n a i l  a r t e r i e s  " r e  
A lrea dy  c o n s t r i c t e d  t o  th e  u t m o s t .
(b ) . 6U 32Q S3P  DIE. I t l l O h  OF THE V 3 I  bo.
I t  i s  known t h a t  t h e  v e i n s  h i o  re  c- p a b l e  o f  ' i l r t  
at i o n  o r  con  t v  c t i o n  th ro u g h  the  v a s o m o t o r  f i b r e s  o r  
l o c a l  chemic-  1 s t i m u l i .
f o r m e r l y  i t  was g e n e r a l l y  su p p osed  that  f a t i g u e  o f  thj; 
v a s o c o n s t r i c t o r  c e n t r e  v 3 the i u s e  o f  shook,?  id tha 
c o n s e q u e n t ly  d i l a t a  t i n  o f  the  s p l * n c h n i c  b l o o d  v e s s e l ^  
r e s u l t  ed. D eer  ev s® o f  v enous tone  due to  " c r p n i -  was 
suggested  b y  T!e n d e r s o n (9  6 ) i n  1910 .  .m en ,ho  /e n r , t h e  
f a c t s  as t o  the c o n d i t i o n  o f  t h e s e  v e s s e l s  were • sc e r t -  
ined b y  d i r e c t  i  i s p a c t i o  ? o f  the abdomi ia l  c ¡ v i t y  i n  
belayed S h o c k , i t  was fou n d  t h a t  th e  v es  e l s  o f  the  
peritoneum wore  not  d i l -  t  id .u n l e s s  m a n i p u l a t i o n  o f  tha 
visee...- had b e e n  done .  I t  seems s t i l l  p o s s i b l e  . h o w e v e r , 
that Ininedi t e  Bhock may be caused  i  i h i s  w y .T h e  
nature o f  t h i s  c o n d i t i o n  p r o b a b l y  c l o s e l y  r e s e m b le s  
sy n cop e , in  w h ic h  r r e f l e x  n erv ou s  i n h i b i t i o n  o f  the  
medullary n e rv e  c e n t r e s  i s  supposed  t o  take  p l a c e , a n d
•g s u i t  in  o - r d i -  c i n h i b i t s  o i , t  soul* r  d i l  t  •-t i o n  o f  the
om atic  ,,.rid s p l a n c h n i c  a r e a s , r e l  t i o n  o l  m usc le  t o n e ,
t c . . S o l t ¡3 found  i  l 1363 th? t  r a p i d  l i g h t  t x 3 on the 
*
b cl omen o f  the  f r o g  c  u s e d  s t a n d s t i l l  o f  tha  h e a r t  and
i l ' t a t i o n  o f  the s p l  n e h n ic  b l o o d  v e s s e l s , a n d  t h e r e
i s  much e v i d e n c e , b o t h  c l i n i c a l  and exper im ent  - 1 , t o  show
r e f l e x
that s t im nl-  t i o n  o f  s e n s o r y  n e r v e s  c  a s e s  these ,  c l r  ng->: 
y a n a lo g y  i t  was i n f e r r e d  th  t  Immediate bhock r e s u l t e d  
in the s- ne way.
1 '  01 o 01- 0j3qE-\Y' IIOJ .
(1)  . INSPECTION.
D i r e c t  i n s p e c t i o n  o f  th e  uodonl  m: 1 v e i n s  d u r in g  Traum­
a t ic  bhock u s u a l l y  r e v e a l e d  no d i l a t a t i o n .  D u r in g  abdom 
Lnal o p e r  t i o n s  i n  bound nhock c s @ s ,W a l l a c e .P r ?  s e r , 
end Dru imondf2 4 0 , 4 7 4 ) found  no d i l a t a t i o n  o f  v e s s e l s .
In tha c a s e  o f  E x p e r im e n t a l  bhoek i n  a n i m a l s , o b s e r v e r s , 
e lu d in g  G a sser  ' id B r l a n g e r f 4 5 4 , 4 5 8 ) f o u n d  no d i l  t a t i b n ,  
m l  ess h a n d l i n g  o f  th e  a b d o m in a l  v iacerp .  hud b ea n  done.
S . S h o r t ( 4 2 4 ) d e s c r i b e d  c o n t r a c t i o n  o f  t h e  s u p e r f i c i a l  
rains as s e e n  when d o ing  t r a n s f u s i o n  i n  e s e s  o f  bound 
i>hoc]c.
In the o l d e r  e x p e r i m e n t s . h o w e v e r , i n  w h ich  E xp e r im e n ta l  
raumatic bhock  had b e e n  p r o  Diced b y  m a n i p u l a t i o n  o f  the 
i n t e s t i n e s , the  a b d om in a l  o r  s p l a n c h n i c  v e i n s  were  o b -  
arved to  be d is te v k le d .  In  G r i l e ' s  e x p e r i m e n t s (16 , 5 6 3 ) ,
■ha v e in s  w ere  f u l l  and d i s t e n d e d ,  i n  c o n t r a s t  t o  the  
®pty r t e r i e s  and h e a r t .  D i s s e c t i o n  and a u t o p s i e s  b o t h  
showed g e n e r a l  v en ou s  engorgem ent  s i n  d e c t h  f rom
ether c a u s e s .  These changes  ,i , ia leolm( 4 )  p o i n t e d  o u t ,
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resem bled  I n f l a m  c a t i o n .  LTann(l9 5 )had  f o u n d , t o o ,  tlir.t 
the s p e c i f i c  g r a v i t y  o f  t h e  b l o o d  i n  the  p o r t - 1  v e i n  
was i n c r e a s e d .
f 2 ) . ESTD ATXONS 01 THE ' . - . f i i  31 JbOOD Ii, I ’ -E AJGH- 
HIQ OIKCULATI N .
16 7
U o r r i s o n  end Hook e r f  130 ) ? I s o  found  th-. b, i n  E x p e r im e n ta l  
¿ h o c k ,d u e  ‘ g r i n  t o  ex p osu re  o f  t h e  abdom ina l  v i s c e r a ,  
the w e ig h t  o f  an i s o l a t e d  l o o p  o f  g u t  was I n c r e a s e d ,  
and the p o r t a l  p r e s u m e  d e c r e a s e d . T h e y , t h e r e f o r e ,  
supposed t h a t  the  s p l a n c h n i c  v e i n s  were d i l a t e d  i n  shocjf; 
end c o n t a i n e d  t h e  l o s t  vo lume o f  b l o o d .
On the  o t h e r  h a n d , ^ u t h r i s f 2 5 5 ) e s t im a t e d  the  p r o p o r t i o n  
o f  b l o o d  i n  he ab dom in a l  v i s e  ira  >f t e r  d ea th  f rom  
E xper im enta l  ¿ h o c k  .p r o d u c e  1 by  b : c h i a l  n e r v e  s t i m u i  t -  
i o n , f o l l o w e d  b y  a m p u t a t i o n  o f  s f o x e  l i n o  o r  e x p o s u re  
and m a n i p u l a t i o n  o f  the  i n t e s t i n e s , and fou n d  i t  o n l y  
p seventh  o f  the w h o le .
In a l l  t h e s e  e x p e r i m e n t s . h o w e v e r , a f o i l -  c y  had e x i s t ­
ed. The m e c h a n i c a l  i r r i t a t i o n  i t s e l f  f rom  th e  n - n i . n i l ? ' t -  
ion o f  the  i n t e s t i n e s  would ca u se  t h i s  c o n g e s t i o n  o f  
the ■ r t e r i e s  , v e i  ns , rid cap i l l  r i e s  , o r  p o s s i b l y , s s  Liann 
s u g g e s t e d , the  ch a n g e s  i  i abdom inal  p r e s s u r e  o r  
venous o b s t r u c t i o n  m ight  b e  p a r t l y  r e s p o n s i b l e ,  
f 3 ) .  7EH0U3 BLOOD PiiESSUHE.
In '-.he i n i t i a l  s t a g e  o f  Traum atic  Shock R e c o r d i n g  to  
d ig g e r s ( 3 6 5 , 3 7 2 ) , t h e  v en ou s  p r e s s u r e  was g r a d u a l l y  
i n c r e a s e d , but  in^die p r o g r e s s i v e  s t a g e  ( o r  in  s e v e r e  
-hook from  the  f i r s t ) i t  f e l l  r a p i d l y , a n d  • t  t h e  end 
became v e r y  l o w .
L lorr ison  and H o o k e r ( 1 3 8 ) f o u n d , a l s o  f e l l , b u t  the  jugul?  
venous p r e s  lure rem i n s  3 p r a c t i c a l l y  u n c h a n g e d . These 
changes i n d i c a t e d  th; t  the  h e a r t  ' ' 3  b l e  t o  pump on 
a l l  the  b l o n d  t h a t  came t o  i t . T h e  s l i g h t  d i f f e r e n c e  
in  p r e s s u r e  b e tw e e n  th e  b l o o d  i n  th e  p e r i p h e r a l  v e i n s  
and i n  t h e  .S uper ior  Ten?3. C av a , e s t im a t e d  b y  Henderson 
an- 3 s r r i n g e r ( 1 3 4 )  a t  5 rams.of m e rcu r y ,w a s  s u f f i c i e n t  
to  d r i v s  t h e  b l o o d  i n t o  the  h e a r t  and f i l l  i t  d u r in g  
d i a s t o l e .  The p o r t a l  v e n o u s  p r e s s u r e  .h o w e v e r ,  Gk 3 s e r  
and E r l ra i g e r ( 4 5 4 ,465  ) o b s e r v e d , n ig h t  sometimes be e l e v ­
ated ( o s  i n  a d r e n i n  °nd c a v a l  s h o c k ) , som etim es  l o w e r e d  
(as i n  i n t e s t i n a l  e x p o s u r e  end a o r t i c  o c c l u s i o n ) .
3ummn r y . App - r e n t l  y , th  e n , b  o th  d i  1 b t a t  i o n  a n d c o n t r -  c t ­
i o n  may be p r e s e n t  i n  Traum atic  Shock .  (1 )  . D i l - . t a t i o n
i
o f  the s p l * n c h n i c  v e i n s  i s  a p p a r e n t l y  p r e s e n t  i n  the
case o f  T ra u m a t ic  Shock due to  i n t e s t i n a l  m a n i p u l a t i o n
( 2 ) . C o n t r a c t i o n  o f  t h e s e  v e s s e l s  app e r a  t o  be  the
Traum at ic
¡Usual c o n d i t i o n  i n  o t h e r  k i n d s  o f  . S h o c k .
In a d d i t i o n  t o  a b d om in a l  s h o c k , h o w e v e r , s p l a n c h n i c  
d i l a t a t i o n  may be  p r e s e n t  i n  Immediate Traum at ic  Shock.  
B a y l i s s ( 3 0 8 ) s u g g e s t e d  t h a t  i t  m ight  be  p r e s e n t  even  i n  
the i n i t i a l  s t a g e  o f  D e la y ed  S h o c k , b e i n g  a p e r i p h e r a l  
r c f l e x , a n d  s t a r t i n g  the  c o n s e c u t i v e  p r o c e s s e s .  E r a s e r  
( 4 7 4 ) . m o r e o v e r , s u g g e s t e d  t h a t  the  v e i n s  b e h in d  the  
o n t r a c t e d  v e s s e l s  o f  t h e  p e r i t o n e u m  m ight  be  d i l a t e d  
and y e t  i n v i s i b l e  t o  i n s p e c t i o n .  The o b s t r u c t i o n  o f f e r -  
3:1 by th e  d o u b le  sy s tem  o f  c a p i l l a r i e s , and the  low  B .P .  
in the p o r t a l  c i r c u l a t i o n  wou ld  f a v o u r  i t  m e c h a n i c a l l y .
In a d d i t i o n , t h e  h e p a t i c  v e s s e l s  m ig h t  c o n t r a c t  e a r l ^ 69c/
in  shock  f rom  t h e i r  v .som otor  c o n t r o l .
I f  s n l - n c h n i e  d i l * t a t i o n  be p r e s e n t , f a l l  o f  b l o o d  
p r e s s u r e  i s  p r e s e n t , o t h e r  f  c t o r s  b e i n g  e q u a l . P rod uced  
by  s e c t i o n  o f  th e  s p i n a l  c o r d  o r  s p l a n c h n i c  n e r v e s . i t  
tends t o  l o w e r  th e  B .P . . J a n e w a y  and Ewing( 1 4 8 ) found  
t n a b, c om oined  w i t h  p r o l o n g e d  s t i m u l a t i o n  o f  the  a f f e r e i  
n e r v e s , i t  p r o d u c e d  Traum atic  S h o c k . s t i m u l a t i o n  o f  t h e  
oraoaia.L o r  s c i a t i c  a l o n e  f o r  2 h o u rs  f a i l e d  t o  g i v e  
a s i g n i f i c a n t  f a l l  o f  B . P . . B u t  i f  th e  g r e a t  s p l a n c h n i c  
/X * j - i r s t  c u t ,  ( o r  i f  s e v e r e  b l e e d i n g  w ere  done 
or  i f  the  e t h e r  a n a e s t h e s i a  were  p r o l o n g e d ) , th en  -a 
s i g n i f i c a n t  f a l l  o f  B .P .a n d  o t h e r  s i g n s  o f  s h o c k  a p p ea r  
o l . I f  the  s p l a n c h n i c s  w ere  then  s t i m u l a t e d , no r i s e  o f  
■ nd no change  in  the  p le t h y s m o g r a p h  t o o k  p l a c e .  
Produced b y  c l a m p i n g  t h e  p o r t a l  v e i n ,  s p l a n c h n i c  d i l u ­
t i o n ,  Cannonf 260)  found .g a v e  a f a l l  o f  B . P . , j u s t  as i n  
h a em orrh a g e .E r la n g er  and h i s  c o w o r k e r s ( 257 ) .h ow ev er ,
found t h a t  c la m p in g  t h e  I n f e r i o r  7ena Cava was more 
e f f e c t i v e .
On the o t h e r  h a n d , i f  s p l a n c h n i c  d i l a t a t i o n  be  p r e s e n t ,  
■be d i i  t- t i o n  may be  compens ■ t e d , and no f a l l  o f  B .P .  
a ,7 be p r o d u c e d . Gaaser  and E r l a n g e r  (2 5 7 )  found  t h a t  
ibh a h ig h  p o r t a l  p r e s s u r e  s h o c k  m ight  n o t  be  p r o d u c e d  
I f  o p l m c h n i c  d i l  t a t i o n  b e  a b s e n t , f a l l  o f  B .P .m - y
- l o u .  G a sse i  and E r l a n g e r ( 4 5 4 , 4 6 6 )  p o i n t e d  out  
b - t , t h o u g h  i n » a d r e n i n ” a n d " c a v a l " s h o c k  the  p o r t a l  p r e s s  
U"lb a3-®v ?'rted, y e t  in  sh ock  from  i n t e s t i n a l  e x p o s u r e  and 
•»■ortio s h o c k ’, ' i t  was l o w e r e d .  I f  s p l a n c h n i c  d i l a t a t i o n
it
are
(fere pr e s e n t e d  b y  l i g a t i o n  o f  the  Thor; p i c  A o r t  o r  o f  
tha sbdom in a 1  v a s s e l s , o r  b y  d i s t e n d i n g  tha  i n t a e t i n e a  
with a i r  so a 3 t o  d r i v e  ou t  the  b l o o d , t h e n  trauma oould. 
s t i l l  p rod u ce  sh o c k  a c c o r d i n g  to  C r i l a ( 5 6 3 ) . M o r e o v e r , _ . 
C a n n o n f2 6 0 )p o in te d  o u t , ‘>ttempted e l i m i n a t i o n  o f  t h i s  
f a c t o r  b y  t r e a t m e n t , such  as l o w e r i n g  the  head .bandaging '  
the a b d om en , in tra p e r i . t o n . f ta l  i n j e c t i o n  o f  p i t u i t r i n ,  
iiad l e s s  e f f e c t  on s h o c k  t h a n  i t  would  be  e x p e c t e d  to  
r a v e , ¿ S i m i l a r l y , i n  e v i s c e r a t e d  a n im a ls  o r  a f t e r  e x c i s i o  
of  the a b d om in a l  s y m p a t h e t i c  and s e c t i o n  o f  the  s c l a n c h  
aic n e r v e s  t o  c u t  o f f  v a s o c o n s t r i c t o r  s t i m u l a t i o n , s h o d  
developed i n  the  same way o r  even f a s t e r , a c c o r d i n g  t o  
Jasser and E r l a n g e r ( g 5 7 , 4 5 4 ) . V a s o c o n s t r i c t i o n , a s  determ 
ined b y  t h e  i n - f l o w  r a t e  i n t o  the  a r t e r i e s , 'was even raor 
iparked than w i t h o u t  such  p r o c e d u r e s .
C o n c l u s i o n . JTrom t h e s e  f a c t s  i t  a p p e a r s  t h a t  s p l a n c h -  
when p r e s e n t
i c  d i l a t a t i o n ^ i s  n o t  an e s s e n t i a l  c a u s a l  f a c t o r , . a n d  
hat the  s p l a n c h n i c  a r e a  i s  n o t  more im p o r t a n t  than any 
(j)ther area o f  t h e  same s i z e .




In the  c a s e  o f  the  more usu- 1 c o n s t r i c t i o n , t w o  m? i n  
a g e n c ie s  may be  c o n c e r n e d , v i z . ( l ) v e n o m o t o r  f i b r e s ,  
i 2 ) l o c a l  c h e m i c a l  s t i m u l i .
In the c*- as o f  the  s p l a n c h n i c  d i l a t a t i o n  i n  "abdominal 
s h o o k " .p r e s u m a b ly  the  l o c a l  m e c h a n i c a l  i r r i t a t i o n , d u e  
to e i t h e r  th e  e x p o s u r e  o r  the  m a n i p u l a t i  n o r  b o t h ,  
Produces the  o h - a g e . T h i s  Tihysic- 1 s t i m u l a t i o n  may p r o ­
duce e f f e c t s  th ro u g h  the  above  a g e n c i e s . a n d  i n  a d d i t i o n
( 3 ) p s s s i v e  cha n ges  may be  r e s p o n s i b l e .
( i )7:in;.:oio.-. .a.
M a l l f  7 ) showed in  1196 t h a t  the  p o r t a l  r a i n  was 
s u p p l i e d  w i t h  v a s o c o n s t r i c t o r  f i b r e s  f rom  the s p l a n c h ­
n i c  n e r v e s , a n d  sirail«  r l y  o t h e r  .v e in s  a r e  p r o b a b l y  c o n ­
t r o l l e d  i n  t h e  ;; me r y . E , g .  H o o k a r f 3 7 4 ) d em o n stra te d  
th a t  i n  t h e  v e i n s  o f  t h e  l a r g e  i n t e s t i n e  r i s e  o f  b l o o d  
p r e s s u r e  m ight  b e  o b t a i n e d  by  d i r e c t  o r  r e f l e x  n e r v e  
s t i m u l a t i o n .
( a ) . I h e  v e n o c o n s t r i o t i o n  p r o b a b l y  r e s u l t s  m a in ly  from  
e x c i t a t i o n  o f  th e  c o n s t r i c t o r  f i b r e s , :  s in  the  c a s e  
o f  the  a r t e r i e s .
(b ) .T h e  v e n o d i l a t a t L o n , on t h e  o t h e r  hand,may r e s u l t  
e i t h e r  f rom  s t i m u l a t i o n  o f  the  v e n o d i l a t o r  f i b r e s , o r  
from i n h i b i t i o n  o f  t h e  c o n s t r i c t o r  f i b r e s , d u e  i n  e i t h a  
case e i t h e r  t o  a c e n t r a l  r e f l e x  t h ro u g h  th e  s p l a n c h n i c 8 
or  ■ p e r i p h e r a l  axon  r e f l e x .  W e b s t e r ( 1 2 9 ) c o n c lu d e d  i t  
arose  from a c e n t r a l  r e f l e x , b e c a u s e  i t  s t i l l  o c c u r r e d  
a f t e r  s e c t i o n  o f  b o t h  v a g i , a n d  i t  was m o r e o v e r  n 
t r a n s i e n t  e f f e c t  and n o t  c l e a r l y  c o n n e c t e d  w i t h  sh o c k ,
Hookerf  .3 74) showed e x p e r i m e n t a l l y  - that  c o n t r a c t i o n  o f  
i n t e s t i n a l  m u sc le  m ig h t  p r o b a b l y  p r o d u c e  changes  i n  the  
venous p r e s s u r e ,
Mannf5 0 2 ) s u g g e s t e d  l o c a l  i n h i b i t i o n  o f  v a s c u l a r  t o n e  
or l o c a l  ‘ ’ c t i v e  v a s o d i l a t  t i o n .
^ .H e n d e r s o n f9 6 , 3 7 3 ) , on th e  o t h e r  h a n d , p o i n t e d  out  t h a t  
the v e i n s  were n o t  n e a r l y  so r e a d i l y  i n f l u e n c e d  • s the 
‘ r t e r i e s  b y  n e r v e  s t i m u l a t i o n . E . g . . a f t e r  the  v a g i  were  
s t i m u l a t i o n  o f  the  s p l a n c h n i c s  ( o r  i n j e c t i o n  o f
171
